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important  question  bearing  on  the 
tion  of  the  thyroidal  hormones  as  well 
heir  peripheral  metabolism  is  whether 
d  cells  themselves  respond  to  their 
ecretions.  Utilizing  the  steer  thyroid 
le,  it  has  been  shown  that  exogenous 
ine  does  influence  the  formation  of 
es  and  the  synthesis  of  proteins  (1). 
ultured  cells  used  have  been  serially 
jated  for  many  months  during  which 
t  some  aspects  of  differentiation  were 
ved,  including  responses  to  thyrotro- 
SH)  and  the  long-acting  thyroid  stim- 
(LATS),  the  synthesis  of  iodopro- 
and  the  maintenance  of  cytological 
ultrastructural  features .  Especially 
orthy  among  these  specialized  re- 
js  are  the  highly  ordered  arrays  resem- 
follicles  that  the  dispersed  cultured 
ssume  following  each  subculture  for 
St  3  months;  this  morphological  pat- 
,  we  have  shown,  independent  of  TSH 
irther  experimentation  with  this  same 
e  reveals  that  thyroxine  (T4)  and  triio- 
onine  (T3)  affect  morphological  orga- 
m  and  the  production  of  mucosub- 
s,  the  subjects  of  this  communication. 
trials  and  methods.  Maintained  as 
ayers,  the  cultured  thyroid  cells  were 
in  water-saturated  incubators,  gassed 
5%  air-5%  COj  at  37**,  using  as  the 
I  medium  Eagle's  MEM  (3)  supple- 
d  with  10%  fetal  bovine  serum  and 
lin-streptomycin.  They  were  subcul- 
["passed")  about  every  2  weeks.  The 
doubling  time  for  this  line  is  about  48 
.  The  determinations  being  reported 
ere  carried  out  on  cells  from  the  third 
vhich  were  allowed  to  overgrow  onto 
>f  microscope  slides  contained  in  du- 
petri  dishes  and  exposed  for  96  hr  to 
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T4  (8.9  X  10-^  Af ),  T3  (8.9  X  10-^  Af ),  or  as 
controls,  to  neither  hormone.  These  prepa- 
rations were  fixed  in  Hanks'  ethanol  (1:1), 
followed  by  absolute  alcohol.  PAS-alcian 
blue  staining  at  pH  2.S  (4)  was  carried  out 
for  demonstrating  mucosubstances  by  ex- 
posing hydrated  cells  for  30  min  to  1%  al- 
cian  blue  in  3%  acetic  acid,  and  rinsing  in 
tap  water  for  5  min.  The  preparations  were 
then  oxidized  for  10  min  in  1%  periodic  acid 
and  rinsed  in  tap  water  for  15  min.  Finally, 
the  slides  were  bathed  in  Schiff  s  Reagent 
for  60  min,  0.5%  sodium  bisulfite  for  3  min, 
and  washed  in  distilled  water. 

Results.  Evaluation  of  the  preparations 
indicates  that  even  as  late  as  the  third  pass, 
when  the  thyroid  cell  line  was  about  6- 
weeks  old  (more  than  20  doubling  periods 
having  elapsed),  the  architecture  and  syn- 
thetic activity  of  these  cells  are  strongly  in- 
fluenced by  the  exogenous  T4  and  T4.  While 
both  control  and  treated  populations  as- 
sume ordered  arrays,  many  more  of  the  cells 
exposed  to  the  thyroidal  hormones  comprise 
semicircular  or  ringlike  structures,  reminis- 
cent of  partial  or  complete  "follicles"  (Fig. 
la,  c).  As  compared  to  the  influence  ex- 
erted by  T4  (Fig.  lb)  on  these  cultured  thy- 
roid cells,  T3  appears  to  be  the  more  active 
in  producing  more  numerous  completed  fol- 
licles possessing  larger  diameters  and 
thicker  septa  (Fig.  Id). 

As  with  the  formation  of  follicles  by  these 
cultured  cells,  the  synthesis  of  mucosub- 
stances is  also  enhanced  as  a  consequence  of 
adding  either  thyroid  hormone  (Fig.  la-d). 
The  borders  of  the  follicles  of  the  popula- 
tions exposed  to  T4  or  T3  are  frequently 
PAS-alcian  blue  positive  and  occasionally 
the  "lumens'*  of  Ts-treated  cells  contain 
large  PAS  plaques.  As  compared  to  the  cor- 
responding controls,  the  cells  treated  with 
either  hormone  have  more  alcian  blue-stain- 
ing granules  associated  with  nuclei  and 
pseudopodia.  As  judged  by  intensity  of  stain 
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)ver  many  of  the  follicular  walls  and  adjoining  regions,  (c)  Ta-treated  cells:  More  complete  follicles  of 
leter  with  thickened  "apicaP*  walls  appear  throughout  the  field.  Alcian  blue  and  PAS  staining  over  the 
eriphery  and  surroundings  are  frequently  pronounced;  occasionally  (not  illustrated)  large  PAS  plaques 
er  some  "lumens."  (d)  Tg-treated  cells:  Another  field  (same  magnification)  illustrating  a  very  large 
dimensions  as  well  as  the  intensity  of  staining  are  much  greater  than  those  of  T4-treated  cells. 


T4   AND   T3   ALTER   CULTURED  THYROID   CELLS 


and  by  the  number  and  size  of  the  dye- 
reaction  particles,  T3  is  once  again  more 
potent  than  T4  (Fig.  Id). 

Discussion.  Like  the  formation  of  colo- 
nies and  proteins  shown  previously  (1),  the 
cellular  organization  and  the  elaboration  of 
mucosubstances  are  influenced  by  the  thy- 
roidal hormones,  implying  that  T4  and  T3 
can  act  directly  on  the  thyroid  cell.  For  mak- 
ing the  current  pilot  determinations,  a  hor- 
monal titer  (8.9  x  10"^  M)  was  chosen  that 
had  been  shown  earlier  to  evoke  peripheral- 
like responses  in  the  T-1  human  kidney  cell 
line  (5).  Obviously  what  yet  needs  charac- 
terizing in  the  steer  thyroid  cell  line  is  the 
effects  elicited  by  a  broad  range  of  T4  and  T3 
concentrations,  especially  those  due  to  the 
lower  hormonal  levels  that  prevail  in  vivo. 
Even  so,  the  findings  made  to  date  with  the 
cultured  thyroid  cells  point  to  lines  of  fur- 
ther investigation  for  ascertaining  whether 
the  thyroidal  hormones  have  a  role  in  in- 
traglandular  autoregulation,  a  subject  of  in- 
teresting conjecture  (6-9). 

As  has  been  argued  elsewhere  (2),  the 
serial  propagation  of  cultured  cells  derived 
from    isolated    thyroid    cells    over    many 
months,  during  which  differentiated  mor- 
phological and  functional  features  are  pre- 
served, suggests  that  the  adult  steer  cell  may 
retain  the  potential  for  glandular  morpho- 
genesis and  regeneration.  In  promoting  the 
transformation  of  dispersed   thyroid  cells 
into  highly  ordered  arrays,  the   thyroidal 
hormones  may  be  expressing  roles  that  cor- 
respond in  vivo  to  those  responsible  for  the 
morphological  and  embryonic  development 
of  the  thyroid  gland.  Support  for  this  notion 
comes  also  from  the  earlier  observation  al- 
ready referred  to  (1),  that  T4  and  T3  in 
enhancing  colony  formation  by  these  cul- 
tured thyroid  cells  foster  adhesion  and  ag- 
gregation which  are  requisite  in  vivo  for 
follicles  to  exist. 

^  A  morphological  transformation  occur- 
nng  over  many  passes  and  promoted  by  T4 
^^^  T3,  the  highly  organized  structures  as- 
sumed by  the  isolated  thyroid  cells  resemble 
roihcles.  The  experimental  evidence  for  this 
^nciugJQj^  includes  the  localization  of  ra- 
^oiodide  and  the  release  of  labeled  iodo- 
Proteins  by  these  arrays  in  response  to  TSH 
^^  LatS;  at  the  ultrastructural  level  it  is 


noteworthy  that  TSH  also  stimulates  rapidly 
the  formation  of  electron-dense  droplets 
and  peripheral  microvilli  in  these  cultured 
thyroid  cells  (2),  phenomena  that  closely 
simulate  in  vivo  behavior  (10).  These  mor- 
phological roles  played  by  the  thyroidal  hor- 
mones, moreover,  must  be  specific  since 
they  are  not  shared  with  TSH,  which  as  has 
been  noted,  does  not  influence  the  develop- 
ment of  folliclelike  structures  in  the  steer 
thyroid  cell  line  nor  in  that  derived  from  the 
adult  porcine  gland  recently  studied  by  oth- 
ers (11). 

Assuming  it  also  occurs  in  vivo ,  the  influ- 
ence of  the  thyroidal  hormones  on  the  syn- 
thesis of  mucosubstances  demonstrated  here 
may  bear  at  least  on  two  aspects  of  thyroid 
gland  metabolism.  For  the  ontogenesis  to 
occur  that  leads  to  the  development  of  the 
thyroid  gland,  thyroid  cells  must  mutually 
adhere  and  aggregate  as  has  been  remarked, 
a  process  known  to  require  mucosubstances 
(12).  Secondly,  the  effect  of  T4  and  T3  on 
the  elaboration  of  mucosubstances  and  pro- 
teins (1)  may  signify  a  relationship  to  thy- 
roid hormone  formation  and  secretion,  pos- 
sibly connected  to  autoregulation. 

Summary.  Further  experimentation  with 
the  steer  thyroid  cell  line  indicates  that  the 
formation  of  "follicles"  is  enhanced  by  ex- 
posure to  8.9  X  10"^  M  thyroxine  (T4)  or 
triiodothyronine  (T3)  for  96  hr.  The  produc- 
tion of  mucosubstances  by  the  cultured  thy- 
roid cells  is  also  increased  by  treating  with 
T4  or  T3,  effects  demonstrable  after  staining 
with  PAS-alcian  blue  at  pH  2.5.  It  is  sug- 
gested that  these  in  vitro  effects  bear  on 
morphological  organization  and  synthetic 
activity  of  the  thyroid  gland  as  well  as  on 
autoregulation  and  intraglandular  homeo- 
stasis that  may  occur  in  situ. 

I  thank  Miss  Jeanne  Lammert,  M.S.,  and  Mrs.  Elsie 
P.  Siegcl,  M.S.,  for  excellent  technical  assistance. 

1.  Siegel,  E.,  Proc.  Soc.  Exp.  Biol.  Med.  137,  1016 
(1971). 

2.  Siegel,  E.,  J.  Cell  Sci.  9,  49  (1971). 

3.  Eagle,  H.,  Science  130,  432  (1959). 

4.  Luna,  L.  G.,  ed.,  '^Manual  of  Histologic  Staining 
Methods  of  the  Armed  Forces  Institute."  3rd  cd. 
p.  163.  McGraw-Hill,  New  York  (1968). 

5.  Siegel,  E.,  and  Tobias,  C.  A.,  Nature  (London] 
212,  1318  (1966). 


T4   AND   T3   ALTER   CULTURED   THYROID   CELLS 


6.  Halmi,  N.  S.,  and  Spirtos,  B.  N.,  Endocrinology 
55,613(1954). 

7.  Halmi.  N.  S.,  and  Stueike,  R.  G.,  Metabolism  5, 
646  (1956). 

8.»  Ingbar,  S.  H.,  Mayo  Clin.  Proc.  47,  814  (1972). 

9.  Sherwin,  J.  R.,  and  Tong,  W.,  Biochim.  Biophys. 

Acta  404,  30  (1975). 
10.  Wollman,  S.  H.,  and  Spicer,  S.  S.,  in  "Thyrotro- 
pin" (S.  C.  Werner,  ed.),  p.  168.  Thomas,  Spring- 


field, Illinois  (1963). 

1 1 .  Cau,  P.,  Fayet,  G.,  and  Michel-Bechet,  M.,  Abstr. 
43,  7th  Int.  Thyroid  Conf.,  Boston,  Mass.  (1975). 

12.  Spiro,  R.  G.,  New  Engl.  J.  Med.  281,  991;  1043 
(1969). 


Received  September  2, 
152. 


1975.  P.S.E.B.M.  1976,  Vol. 


nocEUMNOs  or  the  focmY  rot  ExnuMCNTAL  tiouxnr  and  meoioni  152, 6-10  (1976) 


Effect  of  Intrarenal  Arterial  Infusion  of  Magnesium  on  Renin  Release  in  Dogs  (39315) 


PAUL  C.  CHURCHILL  and  H.  JAY  LYONS 

Department  of  Physiology,  Wayne  State  University  School  of  Medicine,  Detroit,  Michigan  48201 


There  is  ample  evidence  that  renin  secre- 
tion is  influenced  by  sodium  load  or  concen- 
tration in  the  vicinity  of  the  macula  densa 
(8,  16).  Other  ionic  species  such  as  calcium 
(6, 10,  11)  and  potassium  (1,  12)  have  been 
shown  to  affect  renin  secretion.  The  present 
research  was  undertaken  to  directly  assess 
the  effect  of  intrarenal  arterial  infusion  of 
magnesium  upon  renin  release  in  anesthe- 
tized dogs. 

Methods,  These  experiments  were  per- 
formed on  15  adult  (18-56  kg)  mongrel 
dogs,  fasted  overnight,  and  anesthetized 
with  sodium  pentobarbital  (30  mg/kg  body 
weight,  iv,  with  supplements  given  as  re- 
quired). Arterial,  venous,  left  renal  venous, 
and  bilateral  ureteral  catheters  were  in- 
serted; in  four  dogs,  the  right  renal  vein  was 
also  catheterized  (4).  26-gauge  needle,  con- 
nected by  a  polyethylene  catheter  to  a  Har- 
vard syringe  pump,  was  introduced  into  the 
left  renal  artery  near  its  aortic  origin.  Sys- 
temic arterial  blood  pressure  was  continu- 
ously monitored  using  a  Narco  pressure 
transducer  and  a  multichannel  Narco  Phy- 
siograph . 

Following  this  preparation,  a  priming  so- 
lution of  inulin  and  p-aminohippuric  acid 
(5.0  g  of  inulin  +  1 .0  g  of  PAH  in  100  ml  of 
150  mAf  NaCl,  1  ml/kg  body  weight)  fol- 
lowed by  a  sustaining  infusion  (0.5  g  of 
inulin  +  0.5  g  of  PAH  in  100  ml  of  150  mAf 
NaCl,  0.2  ml/min/kg  body  weight)  were  ad- 
ministered via  the  venous  catheter.  An  infu- 
sion of  150  mAf  NaCl  was  begun  in  the  renal 
artery  at  the  rate  of  0.6  ml/min,  and  after  a 
30-45-min  equilibration  period,  two  con- 
secutive 10-min  clearance  periods  were  ob- 
served. Then  MgCl2  (0.8  Af )  was  substituted 
for  the  150  mAf  NaCl  and  infused  at  the 
same  rate  into  the  renal  artery.  Following  a 
30-min  equilibration  period,  two  additional 
10-min  clearance  periods  were  observed. 
Then  150  mAf  NaCl  was  substituted  for  the 
MgCl2  solution,  and  following  a  30-min 
equilibration  period,  two  recovery  clearance 
periods  were  observed. 


Arterial  and  renal  venous  blood  was  col- 
lected at  clearance  midpoints  in  heparin- 
ized,  ice-cold  plastic  syringes  and  centri- 
fuged  at  4**.  Ethylenediamine  tetraacetate  (1 
mg)  was  added  to  duplicate  0.5-ml  plasma 
samples  which  were  then  frozen  until  the 
renin  assay  could  be  done.  A  New  England 
Nuclear  Radioimmunoassay  Kit  (Boston, 
Mass.)  was  utilized  for  renin  determina- 
tions. Plasma  samples  were  thawed  on  ice, 
inhibitors  of  converting  enzyme  activity 
were  added  (10  fi\  of  1.7%  dimercaprol  in 
peanut  oil  and  10  /xl  of  6.6%  8-hydroxy- 
quinoline  in  water,  per  ml  of  plasma),  and 
the  samples  were  incubated  at  37**.  Samples 
of  20  fjil  were  removed  at  1  and  2  hr  incuba- 
tion and  angiotensin  I  concentration  was 
determined  by  radioimmunoassay.  Plasma 
renin  activity  was  expressed  as  nanograms 
of  angiotensin  I  per  milliliter  of  plasma  per 
hour  incubation  (ng  A-I/ml/hr). 

Sodium  and  potassium  concentrations  in 
the  plasma  and  urine  were  determined  by 
flame  photometry  using  an  internal  lithium 
standard  (Instrumentation  Laboratories). 
Sodium  and  potassium  excretion  rates  were 
calculated  as  the  products  of  the  urine  con- 
centrations (Usa  and  (/k)  and  urine  flow 
rate  (V).  Magnesium  was  determined  by 
atomic  absorption  spectrophotometry  (Per- 
kin-Elmer).  Renal  arterial  Mg^"*^  concentra- 
tion was  calculated  as  the  sum  of  the  renal 
venous  Mg^^  and  the  Mg^^  excreted/RPF. 
Inulin  in  urine  and  in  trichloroacetic  acid 
plasma  filtrates  was  determined  by  the 
method  of  Harrison  (5).  Inulin  clearance 
was  calculated  and  used  as  the  measure  of 
glomerular  filtration  rate  (GFR).  PAH  was 
determined  by  the  method  of  Smith  et  al. 
(13).  Renal  plasma  flow  (RPF)  was  deter- 
mined from  the  clearance  of  PAH  corrected 
by  its  extraction.  Paired  Student's  /  test  was 
used  for  the  assessment  of  significance. 

Results.  The  influence  of  intrarenal  arte- 
rial MgCl2  infusion  on  the  plasma  Mg^^  was 
determined  in  six  dogs.  The  results  are  pre- 
sented in  Table  I.  The  femoral   arterial, 
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EFFECT   OF   Mg^"*^    ON    RENIN    SECRETION 


LE  I.  Effect  of  Intrarenal  Arterial  Mg^^  Infusion  on  Plasma  Magnesium  Concentration^ 


Mf* 

Control 

Magnesium  Infusion 

Recovery 

rstirtn 

Uter) 

Clearance  1 

Clearance  2 

Clearance  3 

Clearance  4 

Clearance  5 

Clearance  6 

1.29 

1.23 

2.98 

4.10 

3.19 

3.03 

±0.04(7) 

±0.06(6) 

±0.28(6) 

±0.58(6) 

±0.43(7) 

±0.42(7) 

lal    ve- 

1.23 

1.17 

4.22 

5.72 

3.04 

2.74 

±0.04(7) 

0.06(6) 

±0.76(6) 

±0.99(6) 

±0.40(7) 

±0.31(7) 

nal   ve- 

1.27 

1.25 

2.67 

3.68 

2.90 

2.57 

±0.07(3) 

±0.05(2) 

±0.07(3) 

±0.69(4) 

±0.70(3) 

±0.06(2) 

arterial 

1.30 

1.20 

4.60 

6.25 

3.05 

2.82 

ited) 

±0.04(6) 

±0.04(6) 

±0.81  (6) 

±1.05(6) 

±0.46(6) 

±0.35(6) 

nesium  was  infused  into  left  artery  (0.4  mEq  Mg^Vmin)  during  clearances  3  and  4.  Renal  arterial  plasma 
centration  was  calculated  as  the  sum  of  renal  venous  Mg*"^  concentration  and  urinary  Mg**  concentration/ 
suits  are  presented  as  means  ±  SEM.  Number  of  observations  in  parentheses.  All  values  during 
s  3-6  are  signficantly  above  control  levels  (p  <  0.005). 


enous,  and  calculated  renal  arterial 
rere  significantly  elevated  throughout 
'usion  and  recovery  periods  (p  < 
.  At  these  levels,  we  observed  no 
ton  of  toxicity,  such  as  a  sharp  drop  in 
>ressure  or  respiratory  abnormalities, 
hown  in  Table  II,  there  was  a  slight 
in  mean  arterial  blood  pressure  and 
>lasma  flow  throughout  the  experi- 
saching  significance  (p  <  0.05)  dur- 
fourth  clearance  period.  Magnesium 
1  a  significant  diuresis  (p  <  0.005), 

0  a  significant  natriuresis  in  both  the 
}  <  0.005)  and  the  fourth  (p  <  0.01) 
ce  periods,  without  significantly 
ig  the  plasma  concentration  of  Na"*" 

or  the  GFR.  The  same  changes  were 
;d  in  the  right  kidney,  contralateral 
MgCl2  infusion,  but  they  were  less 
ic  and  delayed. 

effect  of  Mg^"^  on  renin  secretion  is 
rized  in  Table  III.  We  observed  no 
ant  changes  in  arterial  plasma  renin 

during  the  experiment.  The  renal 
-arterial  plasma  renin  activity  (RV- 
as  significantly  increased  during 
infusion  (p  <  0.025).  Also,  there 
increase  in  renin  secretion  rate,  RPF 
),  during  MgCl2  infusion  (third  clear- 
7    <   0.01;   fourth  clearance,  p    < 

Renin  secretion  returned  to  base- 
ues  during  recovery. 
tssion.  The  present  study  extends  the 
*  others  who  used  rats  (2),  that  Mg^^ 
tration  produces  a  diuresis  and  na- 
»  in  dogs.  In  those  animals  in  which 

1  was  monitored  in  both  kidneys,  the 
contralateral  to  the  MgCl2  infusion 
libited  increased  urine  flow  and  so- 


dium excretion.  However,  these  responses 
were  reduced  and  delayed  from  that  seen  in 
the  other  kidney  (Table  II). 

Plasma  Mg^"^  concentrations  on  the  order 
of  10  mEq/liter  have  been  shown  to  produce 
respiratory  abnormalities  and  sharp  de- 
creases in  blood  pressure  (18).  Although 
plasma  Mg^"*^  never  attained  that  level  in  the 
present  experiments,  a  steady  fall  in  blood 
pressure,  which  became  significant  after 
about  30  min  of  infusion,  occurred  through- 
out the  experiment.  Renal  blood  flow 
seemed  to  decrease  in  parallel  with  the 
changes  in  blood  pressure,  the  fall  becoming 
significant  during  the  recovery  period. 
Renin  secretion  increased  significantly  dur- 
ing Mg^^  infusion  and  rapidly  returned  to 
control  levels  in  the  recovery  period.  Al- 
though decreases  in  mean  arterial  blood 
pressure  are  known  to  stimulate  renin  secre- 
tion (16),  it  is  doubtful  that  this  mechanism 
was  solely  responsible  for  the  observed 
renin  stimulation.  The  increase  in  renin  se- 
cretion was  observed  during  the  first  Mg^"*^ 
clearance  period,  at  which  time  blood  pres- 
sure had  not  fallen  significantly.  Moreover, 
blood  pressure  was  significantly  reduced 
during  recovery,  when  renin  secretion  had 
returned  to  normal. 

The  stimulation  of  renin  during  Mg^"^  ad- 
ministration does  not  accord  well  with  the 
macula  densa  theories  proposed  by  Vander 
(16)  or  Thurau  (14).  According  to  these 
theories,  Na"^  concentration,  load,  and 
transport  play  controlling  roles  in  renin  se- 
cretion. We  found  that  (/no^  increased  (Na^ 
reabsorption  decreased)  and  renin  secretion 
was  stimulated  during  the  infusion.  How- 
ever,  during   the   recovery   period,   when 
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renin  secretion  had  returned  to  control 
levels,  plasma  Mg^"^  and  Ufi^V  were  still 
elevated.  Thus,  the  renin  response  was 
transient  but  any  presumed  stimulus  should 
still  have  been  operative.  A  simiar  tran- 
sience in  response  to  Ca^*^  might  explain 
why  some  groups  report  a  stimulation  of 
renin  secretion  by  Ca^^  (6,  10,  11,  19), 
while  others  find  little  or  no  effect  (7,  9, 
17). 

It  is  difficult  to  reconcile  these  results  with 
the  observations  of  Cantin  et  aL  (3).  These 
workers  report  an  increase  in  electrondense 
juxtaglomerular  granules  in  Mg^"^  defi- 
ciency. Since  a  good  correlation  has  been 
demonstrated  between  pressor  activity  of 
renal  extracts  and  the  number  of  granules  in 
JG  cells  (15),  this  suggests  that  Mg^^  might 
have  been  expected  to  decrease,  rather  than 
increase,  renin  secretion. 

Summary,  Magnesium  chloride  was  in- 
fused into  the  renal  artery  of  anesthetized 
dogs  in  order  to  determine  its  effect  on  renal 
function.  Natriuresis  and  diuresis  were  ob- 
served during  MgCl2  infusion,  but  there  ap- 
peared to  be  no  effect  on  glomerular  filtra- 
tion rate  (GFR),  or  plasma  sodium  or  potas- 
sium concentrations.  Although  mean  arte- 
rial blood  pressure  and  renal  plasma  flow 
(RPF)  decreased  throughout  the  experi- 
ment, the  fall  was  not  significant  until  after 
stopping  MgCl2  infusion.  A  significant  stim- 
ulation of  renin  secretion  occurred  during 
magnesium  administration. 
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I  ions  inhibit  active  sugar  transport  in 
1  cell  species,  including  yeast  (1,  2), 
ithelial  cells  of  renal  tubules  (3),  and 
lall  intestine  (4-7).  These  inhibitory 

are  believed  to  arise  from  interaction 
*n  1)02^"*^  ions  and  membrane  ligands 
are  implicated  in  sugar  transfer  (4-8). 
the  active  step  in  sugar  translocation 

small  intestine  is  generally  believed 
occur  across  the  luminal  border  of  the 
al  cells,  the  effect  of  U02^"^  on  mu- 
Tansfer  of  D-glucose,  D-galactose,  3- 
hyl  glucose,  and  luminal  fluid  by  iso- 
at  small  intestine  was  investigated  by 
^  Sanford,  and  Smyth  (6,  7).  These 
s  found  that  mucosal  UOa^^,  depend- 
its  concentration,  had  two  effects.  At 
0"^  My  U02^^  inhibited  mucosal  glu- 
ransfer  and  glucose-dependent  fluid 
M,  Mucosal  transfer  of  galactose  and 
ethyl  glucose  were  unaffected.  UO2  3 
'  M  inhibited  mucosal  transfer,  under 
c  conditions,  of  all  three  sugars, 
results  were  interpreted  (7)  as  indi- 
that  there  are  two  pathways  for  the 
al  entry  of  glucose  into  the  epithelial 
>f  rat  intestine,  a  relatively  U02^^- 
ve  pathway  which  is  not  shared  by 
)se,  and  a  less  sensitive  pathway 
involves  a  common  carrier  for  glucose 
her  actively  transported  sugars, 
pling  between  active  sugar  transport 
5t  m  — >  s  Na^  transfer  in  the  small 
le  is  well  known  and  has  been  widely 
ented  (9-12).  This  coupling  is  re- 
1  in  the  occurrence  of  sugar-induced 
ies  in  transmural  potential  difference 

and  short  circuit  current  {I^)  (13, 
hese  electrical  changes  appear  to  in- 
I  transfer  mechanism  which  is  shared 
cose  and  other  actively  transported 
s  (14).  Hence,  one  may  predict  that, 
suitable  conditions,  U02^^  should  in- 
ugar-induced  increases  in  P.D.  and 


/jjc-  The  present  paper  reports  the  results  of 
a  study  designed  to  test  this  prediction. 

Materials  and  Methods.  These  experi- 
ments were  performed  on  isolated  segments 
of  bullfrog  (Rana  catesbeiana)  small  intes- 
tine mounted  as  flat  sheets  between  the  two 
halves  of  an  Ussing  chamber.  Both  halves  of 
the  chamber  were  filled  with  an  oxygenated 
sodium  sulfate  medium.  Details  of  the  prep- 
aration and  mounting  of  the  intestinal  tis- 
sue, the  Ussing  chamber,  the  measurement 
of  P.D.  and  I^^  and  the  method  used  to 
circulate  and  oxygenate  the  fluid  in  each 
half  of  the  chamber  have  been  given  else- 
where (15,  16).  The  bathing  medium  used 
was  a  modification  of  the  sodium  sulfate 
Ringer  solution  previously  employed  in  this 
laboratory  (15).  A  major  modification  was 
the  omission  of  phosphate.  Initially,  the 
basic  medium  had  the  following  composi- 
tion (in  mEq/liter):  Na^  102.4,  K^  4,  Ca^^ 
1.8,  S04^-  53.2,  gluconate-  1.8.  In  addi- 
tion, 67.5  mmole/liter  mannitol  was  in- 
cluded to  make  the  medium  approximately 
isosmotic  with  frog  plasma.  Since  U02^'*"  dis- 
plays a  complex  set  of  interactions  with 
OH"  at  neutral  pH  (8),  all  experiments 
were  run  at  pH  5.5.  The  pH  of  the  medium 
was  adjusted  to  this  value  with  dilute 
H2SO4.  Earlier  investigations  in  this  labora- 
tory (Gerencser  and  Armstrong,  unpub- 
lished observations)  had  indicated  that  the 
response  of  P.D.  and  I^  in  isolated  bullfrog 
small  intestine  to  actively  transported  sugars 
was  essentially  unchanged  between  pH  5.5 
and  7.0.  A  preliminary  set  of  experiments  in 
the  present  study  confirmed  this  finding. 
U02^^  was  incorporated  in  the  medium  as 
U02(N03)2.  When  this  was  done,  an  osmot- 
ically  equivalent  amount  of  mannitol  was 
omitted.  Early  in  this  study  we  noticed  that 
when  U02(N03)2  was  present  in  the  fluid 
bathing  one  side  only  of  the  tissue,  artifac- 
tual  P.D.s  was  induced.  That  these  were 
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probably  streaming  potentials  (17)  arising 
from  different  transmural  mobilities  of 
NO3"  and  S04^"  is  suggested  by  the  fact  that 
their  magnitude  appeared  to  depend  on  the 
transmural  U02(N03)2  concentration  gra- 
dient and  their  orientation  depended  on  the 
side  of  the  chamber  to  which  U02(N03)2 
was  added.  Also,  these  potentials  could  be 
suppressed  by  incorporating  an  equivalent 
amount  of  NO3"  (added  as  NaN03)  in  the 
medium  which  did  not  contain  U02*"*".  The 
following  procedure  was  therefore  adopted 
in  later  experiments.  The  tissue  was  first 
equilibrated  in  a  medium  which  contained 
an  amount  of  NaNOs  equal  to  twice  the 
molar  concentration  of  U02(N03)2  used 
later  in  the  experiment  (the  latter  was  usu- 
ally 1 .3  or  2.6  mAf ).  An  amount  of  Na2S04 
equivalent  to  the  NaNOs  added  was  omitted 
from  this  medium  and  its  mannitol  concen- 
tration was  adjusted  to  keep  the  total  osmo- 
lality constant.  When  P.D.  and  /gc  had 
reached  a  steady  state,  the  fluid  in  one  or 
both  halves  of  the  chamber  was  removed 
and  replaced  by  an  equal  vol  (4.7  ml)  of  a 
medium  containing  U02(N03)2.  After  2-3 
min  this  initial  aliquot  of  1102^*^  medium 
was  removed  and  replaced.  This  procedure 
was  then  repeated.  Following  this,  electrical 
recordings  were  resumed.  During  electrical 
recording,  the  tissue  was  maintained  in  the 
"open  circuit"  condition  except  for  occa- 
sional interruptions  to  measure  Igc- 

All  chemicals  used  in  this  study  were 
''Analytical  Reagent"  grade  and  all  solu- 
tions were  made  in  distilled  water  which  had 
been  further  purified  by  two  passes  through 
a  mixed  bed  ion  exchanger.  It  has  been 
found  (18)  that,  under  conditions  approxi- 
mating those  employed  in  the  present  exper- 
iments, the  enhancing  effect  of  actively 
transported  sugars  and  amino  acids  on  P.D. 
and  /gc  are  solely  due  to  the  solute  in  the 
mucosal  medium.  Therefore,  to  avoid  the 
imposition  of  osmotic  gradients  across  the 
tissue,  50-/Ltl  samples  of  concentrated  solu- 
tions of  D-glucose,  3-O-methyl  glucose,  and 
L-valine  were  added  directly  to  both  sides  of 
the  Ussing  chamber  to  give  final  concentra- 
tions of  11,  26,  and  15  mAf,  respectively. 
These  correspond  approx  to  a  relative  con- 
centration (19)  of  4  in  each  case  (18).  All 


experiments  were  performed  at  25  ±  O.S''. 
Results  and  Discussion,  Effect  of  VO^^ 
on  sugar-induced  P.D,  and  I^c.  Preliminary 
experiments  showed  that  1)02^"^  concentra- 
tions below  1  mEq/liter  had  no  significant 
effect  on  glucose-induced  P.D.  and  7^. 
When  the  medium  bathing  both  sides  of  the 
tissue  contained  1.3  mEq/liter  of  UOj**, 
inhibition  of  these  parameters  was  consist- 
ently found.  Further  experiments  showed 
that  the  inhibitory  effect  of  U02*"*^  was  ob- 
served only  when  this  agent  was  present  in 
the  mucosal  medium.  Serosal  U02^'^  alone 
had  no  effect  on  glucose-induced  P.D.  or 
/gc-  Figures  1  and  2  show  representative  re- 
sults from  these  experiments.  Two  experi- 
ments are  illustrated  in  Fig.  1.  In  one  of 
these  glucose  was  added  to  the  mucosal  and 
serosal  media  following  50-min  incubation 
of  the  tissue  in  a  glucose-free  medium,  and 
P.D.  and  /gc  were  allowed  to  reach  maximal 
values.  At  this  point  the  mucosal  medium 
was  removed  and  replaced  by  a  medium 
containing  1 .3  mEq/liter  of  U02^^  and  1 1 
mAf  glucose.  It  is  apparent  that,  following 
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Fig.  1.  Effect  of  mucosal  UO,**  on  glucose-in- 
duced P.D.  and  7^.  Two  experiments  are  shown.  In 
one,  glucose  was  added  to  both  the  mucosal  and  the 
serosal  media  at  the  time  indicated  by  arrow  (1).  The 
responses  of  P.D.  (O)  and  /^  (#)  to  glucose  were 
allowed  to  develop  fully.  Then,  at  the  time  indicated  by 
arrow  (2),  the  mucosal  aspect  of  the  tissue  was  exposed 
to  1.3  mAf  UO,**.  In  the  second  experiment  (P.D.  - 
▲  ;  /k  -  A)  the  mucosal  side  of  the  tissue  was  exposed 
simultaneously  at  the  time  indicated  by  arrow  (3)  to 
glucose  and  UO,**. 
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2.  Effect  of  mucosal  UOj**  on  glucose-in- 
'.D.  (O)  and  /«  (•).  Arrow  (1):  glucose  add^d 
mucosal  and  serosal  media;  (2):  both  media 
1  with  glucose-free  media;  (3):  1 .3  mEq/liter  of 
added  to  mucosal  medium;  (4):  glucose  added 
media. 

on  of  1)02^"^  to  the  mucosal  medium, 

was  a  substantial  decrease  in  both 
and  Isc'  Although  the  degree  of  inhibi- 
)f  P.D.  and  I^c  was  the  same  in  any 

experiment,  the  inhibitory  effect  of 
^  in  different  experiments  was  some- 
variable.  In  five  experiments  of  the 
mder  discussion  the  percentage  inhibi- 
»f  glucose-induced  I^c  ranged  from  21 

(mean  42  ±  7  SEM).  The  average 
tion  of  P.D.  in  these  experiments  was 
6  percent. 

J  effect  of  mucosal  U02^^  concentra- 
»n  the  degree  of  inhibition  of  glucose- 
ed  P.D.  and  I^  was  not  systematically 
d.  Three  experiments  in  which  the 
*'  concentration  was  2.6  mEq/liter 
results  within  the  range  quoted  above 
3  mEq/liter  of  UOg^^.  Virtually  com- 
inhibition  of  glucose-induced  increases 
[).  and  /se  was  consistently  observed 
13  mEq/liter  of  U02^^,  but  in  most  of 
experiments,  steady  state  P.D.  and  I^ 
ang  addition  of  U02^"^  were  signifi- 

less  than  their  initial  baseline  values. 
5  shown  previously  (15)  that,  under 
r  conditions  to  those  used  in  the  pres- 
udy,  Isc  in  the  absence  of  transported 
s  reflects  net  m  —>  s  Na^  transfer  in 
3g  small  intestine.  It  may  therefore  be 
ided  that,  in  concentrations  of  the  or- 
13  mEq/liter,  U02^+  inhibits  the  basic 
tnism  of  net  Na"^  transport  in  this  tis- 
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induced  P.D.  and  I^c  was  quite  rapid.  This  is 
illustrated  in  the  second  experiment  shown 
in  Fig.  1.  In  this  experiment  glucose  and 
U02^"^  (1.3  mEq/liter)  were  added  simulta- 
neously to  the  mucosal  medium.  It  is  appar- 
ent that,  under  these  conditions,  the  in- 
crease in  P.D.  and  Ig^  was  very  slight  and 
rapidly  reached  a  steady  state.  This  is  con- 
sistent with  the  suggestion  (4)  that,  in  small 
intestine,  as  in  other  tissues  (8,  20),  the 
inhibitory  effects  of  U02^^  involve  an  inter- 
action between  this  ion  and  anionic  ligands 
(specifically,  phosphoryl  and/or  carboxyl 
groups)  in  the  epithelial  cell  membrane.  The 
fact  that  glucose  induced  increases  in  P.D. 
and  Isc  are  only  observed  when  this  sugar  is 
added  to  the  medium  bathing  the  mucosal 
surface  of  the  epithelial  cells  (9,  12,  19) 
suggests  that  these  ligands  are  located  in  the 
brush  border  membrane. 

In  the  experiment  represented  by  Fig.  1, 
P.D.  and  I^c  following  addition  of  glucose 
and  of  U02^^  always  reached  a  higher 
steady  state  level  than  their  initial  values 
under  control  conditions.  Hence  one  could 
argue  that  these  experiments  do  not  provide 
unequivocal  evidence  that  U02*^^  specifi- 
cally inhibits  the  glucose  induced  moiety  of 
P.D.  and  1^^.  Similar  results  to  those  shown 
in  Fig.  1  could  be  predicted  on  the  assump- 
tion that  U02^''  inhibits  P.D.  and  I^c  in  the 
absence  of  glucose  or  partially  inhibits  both 
the  glucose-dependent  and  glucose-inde- 
pendent P.D.  and  I^c-  Fig.  2  shows  one  of  a 
series  of  experiments  designed  to  test  this 
possibility.  In  this  experiment  glucose  was 
added  to  both  the  mucosal  and  the  serosal 
medium  (arrow  1)  and  the  expected  in- 
creases in  P.D.  and  I^c  were  allowed  to 
reach  stable  values.  At  this  time  (arrow  2) 
both  media  were  replaced  by  a  glucose-free 
Ringer  solution,  and  P.D.  and  I^c  were  per- 
mitted to  decline  to  values  close  to  those 
observed  initially.  Following  this,  the  mu- 
cosal medium  was  replaced  by  a  medium 
containing  1 .3  mEq/liter  of  U02^^  (arrow  3 
of  Fig.  2).  Finally  (arrow  4),  glucose  was 
again  added  to  both  the  mucosal  and  the 
serosal  medium.  It  is  apparent  from  Fig.  2 
that  whereas  mucosal  U02^^  had  virtually 
no  effect  on  P.D.  and  /^c  in  the  absence  of 
glucose,  the  response  of  these  parameters  to 
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glucose  was  markedly  reduced  when  U02^"^ 
was  present  in  the  mucosal  medium.  Con- 
trol experiments  showed  that,  following  an 
initial  stimulation  of  P.D.  and  I^c  by  glucose 
and  reexposure  of  the  tissue  to  a  glucose- 
free  medium,  a  second  addition  of  glucose 
dieted  an  undiminished  response  to  these 
parameters.  Fig.  2  clearly  indicates  that  the 
inhibitory  effect  of  1102^"^  at  a  concentration 
of  1 .3  mEq/liter  is  restricted  to  the  glucose- 
evoked  increases  in  P.D.  and  I^. 

Figure  3  indicates  that,  as  expected,  the 
inhibitory  effect  of  mucosal  U02^^  on  glu- 
cose-induced changes  in  P.D.  and  I^  ex- 
tends to  other  actively  transported  sugars 
and  sugar  analogs  which  share  a  common 
transport  pathway  with  glucose  (14).  It  is 
apparent  from  this  figure  that  the  increases 
in  P.D.  and  I^  elicited  by  3-O-methyl  glu- 
cose are  rapidly  and  strongly  inhibited  when 
1.3  mAf  U02^^  is  added  to  the  mucosal 
medium.  As  was  found  with  glucose,  serosal 
1102^"^  at  this  concentration  did  not  inhibit 
the  increases  in  P.D.  and  Isc  elicited  by  3-O- 
methyl  glucose. 

Frizzell  and  Schultz  (21)  have  presented 
evidence  that  anionic  groups  in  the  mucosal 
cell  membrane  (most  probably,  in  these  au- 
thors' opinion,  carboxyl  groups,  although 
they  do  not  rule  out  phosphoryl  groups  as  a 
possibility)  are  involved  in  the  influx  of  l- 
alanine  across  the  brush  border  of  isolated 
rabbit  ileum  and  have  shown  that,  at  pH  5, 
alanine  influx  in  this  tissue  is  markedly  re- 
duced by  1.0  mAf  mucosal  UOj^^.  Further, 
Foulkes  (20)  had  shown  that  the  transport 
of  amino  acids  by  rabbit  kidney  in  vivo  is 
inhibited  by  U02^^  poisoning,  though,  in 
this  instance,  the  inhibitory  effect  appears  to 
be  located  in  the  peritubular  rather  than  the 
luminal  cell  membrane.  Because  of  these 
findings,  we  examined  the  effect  of  U02^"*^ 
on  valine-evoked  increases  in  P.D.  and  /^c 
(18).  In  these  experiments  mucosal  U02^^ 
(1.3  mEq/liter)  had  no  effect  on  the  P.D. 
and  Isc  induced  by  20  mAf  valine  (Fig.  4). 
Similarly,  serosal  U02^"*^  at  the  same  con- 
centration did  not  affect  these  parameters. 

In  view  of  the  well-known  coupling  be- 
tween the  transport  of  sodium  and  that  of 
amino  acids  in  the  brush  border  of  the  small 
intestine  (9)  and  since  mucosal  U02^+  in- 
hibits alanine  transport  in  this  tissue  (21),  its 
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Fig.  3.  Inhibition  of  P.D.  (O)  and  /«.  (•)  elicited 
by  35  mAf  3-O-methyl  glucose  (added  at  arrow  1)  by 
mucosal  UOj**  (1.3  mEq/liter,  added  at  arrow  2). 
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Fig.  4.  Failure  of  mucosal  UO,**  (1.3  mEq/liter. 
added  at  arrow  2)  to  inhibit  P.D.  (O)  and  /^  (#) 
evoked  by  20  mAf  valine  (added  at  arrow  1). 

failure  to  inhibit  valine-induced  P.D.  and  I^c 
in  our  experiments  is  somewhat  unexpected. 
The  reason  for  this  apparent  discrepancy  is 
not  entirely  clear  at  present.  It  may  be  that 
phosphoryl  groups,  rather  than  carboxyl 
groups,  are  implicated  in  intestinal  sugar 
uptake.  The  former  have  been  shown  to 
possess  a  higher  binding  affinity  for  UOj^"^ 
than  the  latter  both  in  vitro  and  in  vivo  (8). 
Hence  sugar-evoked  increases  in  P.D.  and 
I^  might  be  more  sensitive  to  UOj*^  inhibi- 
tion than  the  changes  induced  in  these  pa- 
rameters by  amino  acids.  In  the  light  of  the 
results  reported  by  Frizzell  and  Schultz  (21) 
this  view  would  seem  to  require  a  lower 
sensitivity  of  amino  acid  transport  to  UOj*^ 
inhibition  in  bullfrog  small  intestine  than  in 
rabbit  ileum.  Alternatively,  significant  inhi- 
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ition  of  amino  acid  influx  without  any  ob- 
^rvable  decrease  in  amino  acid-induced 
.D .  and  /g^  could  occur  if  the  coupling  ratio 
>r  the  cotransport  of  Na"*"  and  valine  across, 
le  brush  border  were  altered  by  mucosal 
JOj^"*" .  It  is  known  that  the  stoichiometry  of 
la'^/alanine  cotransport  is  sensitive  to  a  va- 
iety  of  factors  including  the  pH  of  the  bath- 
ig  medium  (21)  and  luminal  Na"*"  concen- 
ration  (22).  Whatever  the  origin  of  this 
liscrepancy,  it  seems  clear  that,  under  the 
onditions  of  our  experiments,  UO^^"^  selec- 
ively  inhibits  sugar-induced  P.D.  and  1^^  in 
related  bullfrog  small  intestine  and,  by  im- 
plication (6,  7,  9),  also  selectively  inhibits 
nucosal  uptake  of  sugars  by  this  tissue  un- 
ler  these  conditions. 

Summary.  U02^^  1.3  mAf  added  as 
J02(N03)2  to  the  mucosal  solution  consist- 
ently inhibited  the  P.D.  and  I^  evoked  by 
1 1  mAf  glucose  and  35  mAf  3-O-methyl  glu- 
rose  across  isolated  strips  of  bullfrog  small 
ntestine  bathed  by  symmetrical  Ringer  so- 
utions  in  which  SO4*"  was  the  major  anion, 
rhe  average  degree  of  inhibition  in  the  pres- 
ence of  glucose  was  42  ±  7  (SEM)  percent. 
'.D.  and  I^  in  the  absence  of  transported 
lolutes  were  not  significantly  altered  by  mu- 
:osal  U02*^  at  this  concentration.  Increas- 
ng  the  mucosal  U02^"*"  concentration  to  2.6 
nA/  did  not  significantly  increase  its  inhibi- 
ory  action  on  glucose-evoked  P.D.  and  /ge- 
-urther  increasing  the  IJ02^^  concentration 
o  13  mAf  completely  inhibited  glucose-in- 
luced  P.D.  and  Ig^  but  also  markedly  re- 
iuced  these  parameters  in  the  absence  of 
glucose.  Serosal  U02^^  (1.3  mAf)  had  no 
effect  on  the  P.D.  and  I^c  evoked  by  glucose 
ind  3-O-methyl  glucose.  It  is  suggested  that 
he  inhibitory  action  of  U02^"*^  involves 
)inding  of  this  ion  to  anionic  sites  located  in 
:he  apical  membrane  of  the  absorptive  cells. 
Mucosal  or  serosal  U02^"*^  (1 .3  mAf)  had  no 
effect  on  the  P.D.  and  I^c  elicited  by  20  mAf 
valine,  indicating  that  under  the  conditions 
of  these  experiments  U02^"*"  selectively  in- 
hibits sugar-induced  P.D.  and  Igc  and,  by 
implication,  mucosal  sugar  uptake. 
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In  the  many  studies  which  employ  germ- 
free  (GF)  or  gnotobiotic  rodents  to  control 
the  microbial  variable,  a  matter  of  prime 
concern  is  the  comparability  of  their  func- 
tional and  metabolic  parameters  to  those  of 
conventional  (CV)  animals.  GF  rats  have 
shown  lower  cardiac  output  and  metabolic 
rate  than  CV  rats  (1,  2).  Thyroid  function 
appears  retarded  in  its  development  with 
age,  although  thyroxine  levels  in  mature  GF 
rats  are  comparable  to  those  found  in  their 
CV  counterparts  (3).  In  addition,  the  micro- 
vasculature  of  GF  rats  was  found  to  be  rela- 
tively insensitive  to  the  action  of  catechola- 
mines and  certain  bioactive  peptides  (4,  5). 
Since  definite  differences  in  metabolic  rate 
(1,  2,  6)  and  metabolic  enzyme  activity  (3, 
7)  between  GF  and  CV  rats  have  been  es- 
tablished, further  studies  to  determine  the 
factors  that  control  homeostasis  in  the  GF 
rat  appear  indicated. 

Although  in  their  earlier  research,  Des- 
places  et  al.  had  suspected  the  GF  rat  of  a 
"prediabetic  state,"  later  studies  showed  no 
evidence  of  impaired  glucose  tolerance  (8). 
Wiech  et  al.  (9),  on  the  other  hand,  found 
elevated  fasting  plasma  glucose  levels  in  the 
GF  rat,  delayed  and  decreased  insulin  secre- 
tion, and  reduced  glucose  clearance;  these 
findings  were  associated  with  elevated 
plasma  triglyceride  levels.  To  resolve  these 
ambiguities  we  have  determined  plasma  glu- 
cose levels  and  glucose  tolerance  in  GF  and 
CV  Lobund  rats  of  Wistar  origin,  relating 
them  to  plasma  insulin  levels  before  and 
after  intravenous  glucose  load  and  to  the 
possible  implications  of  the  relative  cate- 
cholamine refractoriness  established  for  the 
GF  animal  (4). 

Materials  and  Methods.  The  fifty  and  100- 
day-old  GF  and  CV  male  rats  of  Wistar 
origin  (LOB(Wi)h)  used  in  this  study  had 


'  These  studies  were  supported  by  NIH  Grant  No. 
RR0640. 


been  reared  on  sterilized  L-485  (grain-soy) 
diet  (10).  Germfree  animals  were  main- 
tained in  flexible  plastic  isolators  (11),  and 
CV  controls  were  kept  in  the  op>en  colony 
room. 

The  animals  were  fasted  for  20  hr  preced- 
ing glucose  tolerance  tests.  All  samples  were 
obtained  between  9  and  1 1  am.  The  GF  rats 
were  removed  from  the  isolator  prior  to  the 
experiment.  Under  prolonged  anesthesia 
(35  mg  sodium  pentobarbital*  p>er  kg  body 
weight,  given  ip),  a  cannula  of  PE  50  poly- 
ethylene tubing  was  inserted  into  the  carotid 
artery.  Blood  samples  collected  for  glucose 
determination  and  for  the  insulin  immu- 
noassay were  0.2  and  0.5  ml,  respjectively. 

Approximately  8  animals  per  age  and  sta- 
tus group  were  used  to  establish  the  glucose 
tolerance  curves.  In  additional  100-day-old 
GF  and  CV  animal  groups  of  similar  size, 
both  glucose  and  insulin  were  determined 
initially.  After  the  initial  samples  were 
taken,  all  animals  received  125  mg  of  glu- 
cose per  100  gm  of  body  weight  injected 
through  the  saphenus  vein.  Blood  samples 
were  obtained  at  5,  30,  and  60  min  follow- 
ing glucose  administration  for  glucose  toler- 
ance. In  the  additional  100-day-old  animals, 
second  samples  for  both  glucose  and  insulin 
assays  were  taken  only  at  30  min.  After 
each  collection  a  small  amount  of  heparin 
(0.05  ml  of  1:10  diluted  sodium  heparin) 
was  injected  into  the  tubing  to  prevent 
coagulation.  Between  collections  the  artery 
was  clamped  off.  Blood  glucose  was  de- 
termined by  the  glucose  oxidase  method 
(12).3 

Immunoreactive  insulin  was  measured  by 
a  double-antibody  technique  of  Hales  and 
Randle  (13)  using  an  Amersham/Searle^  ra- 


^  Nembutal,  Abbott  Laboratories,  Chicago,  Illinois. 
^  Glucostat,  Worthington  Biochemical  Corp.,  Free- 
hold, New  Jersey. 

'  Amersham/Searle  Corp.,  Arlington  Heights,  llli- 
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ve  insulin  kit.  Rat  insulin  obtained 
SOVO  Industries^  was  used  as  a 
rd. 

separate  experiment  plasma  catechol- 
levels  were  assayed  in  untreated  GF 
V  rats  by  the  Anton  and  Sayre  (14) 
oxyindole  method  with  slight  modifi- 
(15).  To  avoid  release  of  catechola- 
under  the  influence  of  pentobarbital, 
is  (100-day-old)  were  anesthetised 
by  inhalation  of  Fluothane*  GF  rats 
nesthetized  within  the  isolator.  Blood 
llected  immediately  by  cardiac  punc- 
lie  plasma  catecholamines  were  ana- 
fluorometrically  utilizing  a  Farrand 
>fluorometer^  with  5-mm  slits  in  the 
g  monochromator  and  20-mm  slits  in 
ilyzing  monochromator.  Photomulti- 
mplification  was  maximal. 
Its  and  discussion.  There  are  contra- 

reports  in  the  literature  regarding 
ponse  of  GF  rats  in  the  glucose  toler- 
;st.  Desplaces  et  al.  (8)  reported  that 
d  CV  rats  exhibited  a  similar  toler- 
)  oral  glucose  loading,  although  the 
glucose  level  of  the  germfree  animal 
nsistently  lower.  On  the  other  hand, 
et  al.  (9)  reported  that  the  fasting 

glucose  level  was  higher  in  the  GF 
d  remained  elevated  up  to  3  hr  after 
icose  administration.  Since  a  number 
>rs  (age,  anesthetic,  route  of  glucose 
stration)  can  affect  the  glucose  toler- 
St  (8,  16,  17),  we  have  administered 
;  intravenously  so  that  differences  in 
J  absorption  or  stress  from  esopha- 
tubation  would  be  minimized.  Des- 
?/  al.  (8)  had  demonstrated  that  pen- 
ital  anesthesia  as  such  has  little  influ- 
n  blood  glucose  levels  of  the  Wistar 
lis  was  more  recently  confirmed  by 

et  al.  for  a  25-mg/kg  body  weight 
;vel  (18).  Only  at  a  50-mg/kg  level 
a  slight  but  significant  increase  in 
glucose  levels  be  observed  in  the 
e-Dawley  rats  used  in  their  study. 
on,  however,  found  no  influence 
t  this  level  on  insulin  release  after 
nous     glucose     administration     to 

^O  Industries,  Copenhagen,  Denmark. 

St  Laboratories,  Inc.,  New  York,  New  York. 

ind   Optical  Co.,  Inc.,   Mt.   Vernon,  New 


Sprague-Dawley  rats,  although  10-min  glu- 
cose levels  were  8%  higher  than  in  anaes- 
thetized controls  (19).  No  important  effect 
would  be  expected  from  the  3S-mg/kg  dose 
used  in  the  present  investigation. 

The  data  from  50-  and  100-day-old  GF 
and  CV  rats  are  summarized  in  Table  I. 
Since  comparison  of  glucose  levels  of  the 
100-day-old  GF  and  CV  rats  who  had  addi- 
tional blood  withdrawn  for  insulin  determi- 
nation with  those  rats  in  which  only  glucose 
was  determined,  had  shown  no  influence  of 
the  additional  sample  taking,  these  data  have 
been  combined.  The  glucose  tolerance  pro- 
files of  GF  and  CV  rats  appear  quite  similar, 
and  comparable  to  those  described  for  CV 
rats  by  DeSantis  et  al.  (20).  Only  the  aver- 
age 5-min  value  of  the  50-day-old  CV  rats 
was  found  slightly  but  significantly  below 
the  averages  of  the  three  other  5-min 
groups.  Wiech  has  reported  fasting  plasma 
glucose  levels  of  GF  50-day-old  Fischer  rats 
to  be  higher  than  CV  levels  (9).  This  was 
not  confirmed  by  the  present  study. 

Plasma  insulin  levels  before  and  30  min 
after  glucose  administration  to  3-month-old 
GF  and  CV  Lx>bund  Wistar  rats  are  given  in 
Table  II.  The  data  for  the  CV  animals  fall  in 
the  same  range  as  those  of  Aranda  et  al. 
(21).  Plasma  insulin  levels  in  the  GF  rat 
tend  to  be  somewhat  lower  than  in  the  CV 
animal.  However,  insulin  mobilization  in 
the  GF  rats  appears  adequate  for  the  control 
of  plasma  glucose  levels.  The  data  demon- 
strate a  percentage  increase  in  plasma  insu- 
lin concentration  during  the  30  min  after 
load  that  is  comparable  to  that  in  CV  rats. 
In  both  GF  and  CV  rats  the  percentage 
increase  in  insulin  concentration  matches 
the  increase  in  blood  glucose.  Clearance 
rate  and  final  blood  glucose  level  (1  hr  after 
glucose  administration)  in  GF  rats  again 
equal  those  observed  in  their  CV  counter- 
parts (Table  I). 

It  is  well  documented  that  catecholamines 
affect  insulin  secretion  (22).  Recently  Baez 
and  Gordon  (4)  have  reported  that  the  mi- 
crovasculature  of  the  GF  rat  is  refractory  to 
catecholamines,  and  have  related  this  obser- 
vation to  a  material  (a-pigment)  produced 
mainly  in  the  GF  cecum  (5) .  If  this  phenom- 
enon were  to  be  explained  on  the  basis  of  a 
competition  for  catecholamine  receptor 
sites  by  circulating  a-pigment,  it  is  conceiv- 
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TABLE  I.  Blood  Glucose  Levels  (mg/100  ml)  during  Glucose  Tolerance  Test.* 


Time  after  administration  of  glucose  ( 

min) 

Age 
(days) 

Body  wt* 

(g) 

Status 

0 

5 

30 

60 

50 

(7) 

(7) 

(7) 

(7) 

Gcrmfree 

166  ±    8 

123  ±  4 

418  ±  15 

224  ±  8 

185  ±6 

Conventional 

149  ±  20 

112  ±  5 

359  ±    r 

236  ±6 

184  ±7 

100 

(17-20)- 

(8) 

(17-20y 

(8) 

Germfree 

290  ±  28 

123  ±  5 

433  ±  27 

220  ±  8 

177  ±9 

Ratio  30  min/0 

min 

1.88  ±  0.09^ 

Conventional 

307  ±  23 

122  ±4 

400  ±  15 

219  ±  6 

183  ±1 

Ratio  30  min/0 

min 

1.80  ±  0.06^ 

"  Mean  ±  SE  for  the  number  of  animals  indicated  in  parentheses. 

*  Mean  ±  SD  for  that  status  and  age  group. 

•■  Significantly  different  from  all  other  5-min  groups. 

'  Includes  animals  used  for  plasma  insulin  determination. 

'  Average  ratio  ±  SE  of  individual  values. 


TABLE  11.  Plasma  Insulin  Concentrations  (/lU/ml)  before  and  30  Min  after  iv 
Administration  to  100-Day-Old  Male  Germfree  and  Conventional  Rats 

G 

LUCOSE 

Time  (min) 

Germfree 

Conventional 

P 

0 

30 

Ratio  30/0^ 

33      ±    4.4«(ll) 
63.8  ±  11  (7) 
1.8  ±    0.2(7) 

55.0  ±    8.8(11) 
132      ±22  (6) 
2.3  ±    0.4  (6) 

0.08 
0.03 

NS 

"  Mean  ±  SE  for  the  number  of  animals  indicated  in  parentheses. 
*  Average  ratio  ±  SE  of  individual  values. 


able  that  plasma  catecholamine  levels  would 
show  a  compensatory  increase  under  GF 
conditions.  However,  the  data  in  Table  III, 
which  compare  well  with  values  reported  in 
the  literature  (23,  24),  indicate  no  signifi- 
cant difference  in  plasma  catecholamine  lev- 
els between  GF  and  CV  rats.  It  is  therefore 
concluded  that  in  their  function  as  modula- 
tors of  carbohydrate  metabolism,  circulating 
catecholamines  would  affect  GF  and  CV 
rats  in  a  comparable  way. 

Insofar  as  plasma  insulin  levels  in  the  GF 
rat  tend  to  be  somewhat  below  those  found 
in  the  conventional  animal  without  affecting 
glucose  tolerance,  the  data  appear  to  agree 
with  views  expressed  by  Desplaces  ^/ a/.  (8). 
Recently  Tolbert  and  Fain  have  again  em- 
phasized the  independence  of  the  two  gluco- 
neogenic hormones,  epinephrine,  and  glu- 
cagon (25).  Epand  and  Douglas  (26)  have 
studied  the  interrelationship  between  glu- 
cagon and  insulin,  and  have  shown  that 
when  glucagon  levels  are  lowered  artifi- 
cially, normal  fasting  glucose  levels  and  glu- 
cose tolerance  will  be  achieved  at  lower  in- 
sulin levels.  It  could  be  speculated  that  the 
present  finding  of  normal  fasting  levels  and 
tolerance  curves  in  the  presence  of  some- 


TABLE  III.  Plasma  Catecholamine  Levels  in 

100-Day-Old  Germfree  and  Conventional 

Rats." 


Status 


Epinephrine  (/ig/ 


Norepinephrine 
(/ig/liter) 


Germfree 
Conven- 
tional 


5.76  ±  0.66(12) 
6.93  ±  0.74  (10) 


7.13  ±  0.95(11) 
6.98  ±  0.79(11) 


"  Mean  ±  SE  for  the  number  of  animals  indicated  in 
the  parentheses. 

what  lower  insulin  concentrations  may  be 
caused  by  a  correspondingly  lower  glucagon 
output  of  the  GF  Lobund  Wistar  rat.  This 
needs  to  be  investigated.  However,  the 
present  data  indicate  that  insulin  levels  in 
the  GF  rat  are  adequate  to  assure  normal 
plasina  glucose  and  glucose  tolerance. 
There  is  therefore  no  reason  to  believe  that 
insulin  insufficiency  plays  any  role  in  the 
syndroine  of  inetabolic  anomalies  demon- 
strated by  the  germfree  rat. 

Summary.  Glucose  was  administered  in- 
travenously to  50-  and  100-day-old  GF  and 
CV  rats.  Fasting  blood  glucose  levels  in  GF 
and  CV  rats  were  found  to  be  comparable. 
Glucose  tolerance  tests  showed  that  GFand 
CV  rats  clear  glucose  from  the  blood  at  a 
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milar  rate.  Although  insulin  concentra- 
ons  in  100-day-old  GF  rats  tended  to  be 
)mewhat  lower  than  in  CV  rats,  the  per- 
:ntage  increase  during  the  30-min  period 
ter  glucose  administration  was  similar, 
id  matched  the  increase  in  blood  glucose. 
evels  of  plasma  catecholamines  were  ana- 
zed  fluorometrically  and  were  found  to  be 
)mparable  in  100-day-old  GF  and  CV  rats, 
was  concluded  that  insulin  insufficiency 
lays  no  role  in  the  syndrome  of  metabolic 
lomalies  demonstrated  by  the  germfree 
It. 
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Bilirubin,  an  organic  anion  and  break- 
down product  of  heme,  is  excreted  chiefly 
by  the  liver  by  a  process  involving  uptake  by 
the  hepatocyte  and  subsequent  conjugation 
to  form  a  more  polar  compound  (1).  The 
availability  of  purified  preparations  of  bili- 
rubin, especially  of  radiolabeled  bilirubin, 
has  greatly  facilitated  studies  of  its  metabo- 
lism (1-5).  Study  of  the  transport  of  biliru- 
bin from  blood  to  bile,  however,  must  also 
include  consideration  of  the  mechanisms  for 
excretion  of  bilirubin  conjugates.  Such 
study  has  been  limited  because  of  difficulty 
in  obtaining  conjugated  bilirubin  free  of  sig- 
nificant quantities  of  contaminants  (6-19). 

Recent  studies  of  albumin-agarose  gel  af- 
finity chromatography  have  revealed  that 
the  gels  have  a  high  affinity  for  bilirubin  and 
a  relatively  low  affinity  and  capacity  for  tri- 
and  dihydroxy  bile  acids  (20,  21),  suggest- 
ing that  this  method  might  effectively  sepa- 
rate bilirubin  conjugates  from  other  compo- 
nents in  bile.  We  describe  here,  a  rapid  and 
relatively  simple  method  for  purification  of 
conjugated  bilirubin  from  bile. 

Materials  and  methods,  Albumin-agarose 
gel  was  prepared  by  a  modification  of  the 
cyanogen  bromide  method  (20,  22),  and 
packed  in  small  columns  of  0.9-cm  i.d.  Bile 
acids  were  quantitated  in  bile  and  column 
eluates  by  gas-hquid  chromatography  (23), 
cholesterol  by  the  method  of  Zak  et  ah  (24), 
and  phospholipids  by  a  modification  of  the 
method  of  Chen  et  al.  (25,  26). 

Absorption  spectra  were  obtained  with  a 
Beckman  Acta  III  spectrophotometer,  and 
fluorimetric  analyses  with  a  Farrand  Mark  I 
spectrofluorimeter . 

Tritium  was  quantitated  by  adding  up  to 
0.5  ml  of  sample  to  15  ml  of  Aquasol  (New 
England  Nuclear)  and  by  counting  in  a  liq- 
uid scintillation  counter  (Nuclear  Chicago). 


All  samples  were  recounted  after  addition 
of  [^H]toluene  (New  England  Nuclear)  and 
results  were  corrected  for  background  and 
quenching. 

Bilirubin  conjugates  were  quantitated 
after  diazotization  with  ethyl  anthranilate 
according  to  the  method  of  Van  Roy  and 
Heirwegh  (27).  The  resultant  azopigments 
were  separated  by  thin-layer  chromatogra- 
phy (28)  and  bilirubin  conjugates  were  iden- 
tified (28,  29).  Multiple  determinations  of 
the  proportions  of  monoglucuronide  and 
diglucuronide  in  a  single  bile  specimen 
agreed  within  1%  of  the  mean.  Presence  of 
conjugated  bilirubin  was  confirmed  by  We- 
ber-Schalm  fractionation  (30)  and  by  thin- 
layer  chromatography  performed  on  pig- 
ment applied  directly  to  a  silica  gel  plate  and 
developed  with  chloroform  (31). 

Glucuronic  acid  content  of  conjugated  bi- 
lirubin preparations  was  determined  by  a 
modification  of  the  carbazole  reaction  (32) 
after  hydrolysis  of  the  ester  linkage  by  incu- 
bation with  02  N  NaOH. 

Bile  collection.  Biliary  cannulae  were  in- 
serted into  male  Wistar  rats  under  light 
ether  anesthesia.  The  rats  were  kept  in  a 
restraining  cage  within  an  incubator;  body 
temperature  was  maintained  at  37*".  Starting 
2  hr  after  insertion  of  the  cannulae,  when  a 
constant  rate  of  bile  flow  had  been  estab- 
lished, bile  was  collected  in  the  dark  under 
ice  and  frozen  until  used.  Bile  containing 
radiolabeled  conjugated  bilirubin  was  col- 
lected in  a  similar  fashion.  A  jugular  can- 
nula was  inserted  simultaneously  with  the 
construction  of  the  bile  fistula,  and  100  /iCi 
of  2,3-^H  delta-aminolevulinic  acid  (33,000 
mCi/mmole)  (33)  was  injected  via  the  can- 
nulated  jugular  vein  2  hr  after  insertion  of 
the  cannulae. 

Preparation  of  purified  bilirubin  conju- 
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lat  bile,  8  to  10  ml,  was  applied  to  an 
Ibumin-agarose  column  equilibrated 
1.02  M  phosphate  buffered  saline 
at  pH  7.0.  The  column  was  washed 
>0  ml  of  PBS  at  pH  7.0  at  a  rate  of  3 
I.  Elution  in  2-  to  4-ml  aliquots  was 
ned  by  distilled  water  followed  by 
v/v)  ethanol  in  water.  The  water  and 
1  eluates  were  lyophilized,  dissolved 
il  of  0.02  M  PBS  at  pH  5.8,  and 
ed  twice  with  2  vol  of  chloroform  to 
;  unconjugated  bilirubin.  Protein, 
t  as  a  trace  contaminant,  was  re- 

by  applying  the  resulting  PBS  solu- 

Sephadex  G-25  (2  x  20  cm)  which 
en  equilibrated  with  PBS  at  pH  7.0. 
>f  the  yellow  pigment,  representing 
I- free  conjugated  bilirubin,  remained 
to  the  column,  whereas  protein  and 
i-bound  pigment  eluted  with  150  ml 
.  at  pH  7.0.  Residual  pigment  on  the 
I  was  rapidly  eluted  with  a  small  vol- 

distilled  water.  The  aqueous  solution 
iphilized,  dissolved  in  1  ml  of  0.02  M 

pH  7.0,  applied  to  the  Sephadex  G- 
imn,  washed  with  150  ml  of  0.02  M 
pH  7.0,  eluted  with  approx  10  ml  of 
J  water,  and  lyophilized.  Further  pu- 
)n  of  these  preparations  to  remove 
hospholipid  contamination  was  per- 

by  extraction  of  the  aqueous  solu- 
conjugated  bilirubin  three  times  with 


25  vol  total  of  chloroform-methanol  (2:1). 

Results,  Figure  1  illustrates  the  elution 
pattern  of  radiolabeled  bile  from  an  albu- 
min-agarose  affinity  column.  Approxi- 
mately 20-30%  of  labeled  material  did  not 
bind  and  washed  through  with  PBS.  Dis- 
tilled water  eluted  a  fraction  of  pigment; 
50%  ethanol  eluted  a  second  fraction.  The 
elution  pattern  of  unlabeled  bile  was  identi- 
cal to  that  of  radiolabeled  bile. 

Thin-layer  chromatography  of  pigment 
from  both  the  water  and  ethanol  eluates 
(31)  revealed  that  only  conjugated  bilirubin 
was  present  in  each.  Following  diazotiza- 
tion,  thin-layer  chromatography  of  the  ethyl 
anthranilate  azopigments  of  conjugated  bili- 
rubin in  bile  and  in  each  of  the  eluates  was 
performed  (Fig.  1).  In  the  Wistar  rat,  70- 
80%  of  total  bilirubin  conjugates  in  bile  are 
glucuronide  conjugates;  bilirubin  monoglu- 
curonide represents  80%  of  glucuronide 
conjugates,  and  bilirubin  diglucuronide  the 
remainder.  Proportions  of  bilirubin  conju- 
gates in  the  PBS  wash  and  in  the  ethanol 
eluate  were  similar  to  that  in  bile.  However, 
80%  of  glucuronide  conjugates  in  the  dis- 
tilled water  eluate  was  bilirubin  diglucuron- 
ide. The  Wistar-R  rat,  unlike  other  strains 
of  Wistar  rats  (28),  has  less  than  10%  non- 
glucuronide  conjugates  of  bilirubin;  of  the 
glucuronide  conjugates,  50-60%  is  bilirubin 
diglucuronide.    Chromatography    of    bile 


900    0  02  M  PBS 


40   leO       180       200       220       240  500 

CUMULATIVE  ELUTION  VOLUME  (ML) 


I.  Elution  of  radiolabeled  bile  after  application  to  an  albumin-agarose  gel  affinity  chromatography 
After  rat  bile  was  applied,  unbound  biliary  constituents  were  washed  from  the  column  with  0.02  M 
le  buffered  saline  at  pH  7.0  (0.02  M  PBS).  Distilled  water  (HjO)  eluted  a  fraction  of  pigment;  50% 
[50%  EtOH)  eluted  a  second  fraction.  The  relative  proportions  of  bilirubin  mono-  and  diglucuronide  in 
mnd  material  and  the  two  eluates  are  indicated  by  the  bars. 
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from  a  Wistar-R  rat  on  albumin-agarose  gel 
revealed  almost  exclusively  bilirubin  diglu- 
curonide  in  the  water  eluate. 

When  tritiated  bilirubin  conjugates  from 
either  the  water  or  ethanol  eluates  were 
diazotized  and  applied  to  a  thin-layer  plate, 
more  than  90%  of  the  radioactivity  was  re- 
covered in  the  visible  azo  bands.  Weber- 
Schalm  fractionation  (30)  of  these  eluates, 
before  or  after  lyophilization,  revealed  that 
90%  or  more  of  the  radioactivity  and  pig- 
ment distributed  into  the  upper,  polar  layer. 

The  absorption  spectrum  of  the  ethanol 
eluate  after  lyophilization  and  subsequent 
solution  in  distilled  water  demonstrated  a 
peak  at  450  nm.  However,  there  was  a  sig- 
nificant shoulder  at  280  nm  and  marked 
fluorescence  upon  excitation  at  this  wave- 
length. Because  the  absorption  and  fluores- 
cence patterns  were  of  the  sort  expected  of 
protein  and  suggested  contamination  with 
albumin  either  from  the  affinity  column  or 
from  the  bile  itself,  an  additional  purifica- 
tion step  was  undertaken.  As  described 
above,  the  sample  was  extracted  with  2  vol 
of  chloroform  to  remove  any  possible  traces 
of  unconjugated  bilirubin  and  subjected  to 
gel  filtration  through  Sephadex  G-25.  The 
spectrum  of  the  resulting  preparation  dem- 
onstrated removal  of  the  material  with  peak 
absorbance  at  280  nm.  This  preparation  did 
not  fluoresce  upon  excitation  at  285  nm  and 
thin-layer  chromatography  with  chloroform 
(31)  again  confirmed  the  absence  of  a  band 
corresponding  to  unconjugated  bilirubin. 
Ethyl  anthranilate  diazotization  and  thin- 
layer  chromatography  of  this  protein-free 
preparation  revealed  it  to  contain  bilirubin 
diglucuronide  almost  exclusively,  suggesting 
preferential  binding  of  bilirubin  diglucuron- 
ide, as  compared  with  monoglucuronide,  to 
the  Sephadex  G-25. 

Glucuronic  acid  content  was  determined 
in  two  protein-free  preparations  of  bilirubin 
diglucuronide  as  determined  by  thin-layer 
chromatography  of  the  azo  pigments.  The 


molar  ratio  of  glucuronic  acid  to  bilirubin 
was  1.8:1  and  2.3:1,  respectively. 

Analysis  of  bile  and  column  eluates  for 
bilirubin  and  bile  acids  (Table  I)  demon- 
strated a  marked  decrease  in  the  molar  ratio 
of  bile  acids  to  bilirubin  most  evident  in  the 
ethanol  and  Sephadex  eluates  in  which  this 
ratio  was  0.05:1  and  <0.01:1 ,  respectively, 
as  compared  to  11:1  in  the  starting  bile. 
Simultaneous  cholesterol  analysis  demon- 
strated it  to  be  absent  from  all  eluates;  phos- 
pholipid content  was  14  /xmole  in  bile, 
0.013  /xmole  in  the  water  eluate,  1 .7  /xmole 
in  the  ethanol  eluate,  and  0.2  /xmole  in  the 
Sephadex  eluate.  All  phospholipid  contami- 
nation was  removed  after  extraction  with 
chloroform-methanol;  such  extraction  re- 
moved 10%  or  less  of  conjugated  bilirubin. 

When  stored  in  a  standard  freezer  for  2 
weeks  at  -15°,  these  lyophilized  prepara- 
tions showed  no  change  in  Weber-Schalm 
fractionation.  When  diazotized  after  2 
weeks  and  subjected  to  thin-layer  chroma- 
tography, less  than  10%  of  radioactivity  was 
lost  from  the  visible  bands.  The  ratio  of 
glucuronide  conjugates  to  other  conjugates 
remained  constant,  but  there  was  a  30  to 
40%  decrease  in  bilirubin  diglucuronide 
content  with  a  corresponding  increase  in  bil- 
irubin monoglucuronide. 

Discussion.  Previous  attempts  to  purify 
conjugated  bilirubin  have  resulted  in  prepa- 
rations containing  significant  amounts  of 
bile  acids  and  other  contaminants  (6-19). 
The  present  method,  utilizing  affinity  chro- 
matography of  rat  bile,  is  relatively  rapid 
and  simple  to  perform,  and  produces  a  prep- 
aration of  conjugated  bilirubin  virtually  free 
of  the  major  biliary  contaminants.  A  degree 
of  separation  of  monoglucuronide  from  di- 
glucuronide may  be  accomplished  by  differ- 
ential elution  with  distilled  water  followed 
by  50%  ethanol.  If  bile  from  a  Wistar-R  rat 
is  used,  a  preparation  of  conjugated  biliru- 
bin which  is  more  than  90%  bilirubin  digluc- 
uronide can  be  obtained  from  the  water 


TABLE  I. 

PURinCATION  OF 

Conjugated  Bilirubin 

from 

Rat  Bile. 

Bilirubin'' 

Total  bile  acids" 

Cholesterol" 

Phospholipids" 

Bile 

Water  eluate 
Ethanol  eluate 
Sephadex  eluate 

2.8 
0.2 
1.1 
0.2 

31 
0.1 
0.06 

<  0.002 

18 
0 
0 
0 

14 
0 
0 
0 

/xmole. 
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luate .  Bilirubin  diglucuronide  may  also  be 
obtained  by  subjecting  the  ethanol  eluate  to 
iirther  chromatography  on  Sephadex  G-25. 
liese  preparations  of  conjugated  bilirubin 
re  relatively  stable  when  lyophilized  and 
tored  at  - 15°.  Their  long-term  stability  has 
et  to  be  established. 

Previous  studies  of  hepatic  organic  anion 
ransport  have  been  unable  to  directly  ex- 
imine  the  metabolism  of  conjugated  biliru- 
bin, in  part  due  to  difficulty  in  its  purifica- 
ion.  The  method  described  here  may  facili- 
ate  investigation  into  this  question  as  well 
is  investigation  into  the  physical  character- 
sties  and  composition  of  the  conjugates  of 
bilirubin . 
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RNA  and  protein  synthesis  are  increased 
in  the  myocardium  of  animals  subjected  to 
experimental  aortic  stenosis  (1-3).  These 
processes  appear  to  be  initiated  by  an  in- 
crease in  endocardial  tension;  however,  the 
mechanism  by  which  an  increase  in  tension 
is  able  to  affect  macromolecular  synthesis  is 
as  yet  unknown.  It  has  been  well  established 
that  the  contractile  process  and  the  resultant 
development  of  tension  in  muscles  involve 
Ca^^  flux  (4-6)  and  that  this  ion  also  has 
been  noted  to  enhance  both  RNA  and  pro- 
tein synthesis  (7-10).  In  view  of  these  ob- 
servations, it  is  of  interest  to  determine  if 
the  enhancement  of  RNA  and  protein  syn- 
thesis in  the  hypertrophied  heart  is  related 
to  the  effect  of  Ca^^. 

Methods.  Sprague-Dawley  rats,  weighing 
220-270  g,  were  maintained  on  food  and 
water  ad  libitum.  Aortic  constriction  was 
performed  with  a  size-19  needle  (1.0-mm 
o.d.)  by  the  method  of  Florini  (2).  Surgery 
in  the  sham  group  (control)  was  similar  ex- 
cept that  the  thread  was  loosely  tied  around 
the  descending  aorta.  Seven  days  after  sur- 
gery the  heart  was  excised  and  weighed  after 
removal  of  the  atria  and  aorta.  The  left 
ventricle  was  sliced  and  120-150  mg  of  tis- 
sue was  incubated  in  5-ml  Krebs  Ringer 
phosphate  buffer,  pH  7.4,  in  the  presence 
or  absence  of  1 .5  mM  Ca^^.  The  incubation 
buffer  contained  5.6  mAf  glucose,  all  the 
amino  acids  at  normal  serum  concentration 
(11),  and  the  radioactive  precursors  [U- 
'^Cjleucine  (0.5  /LtCi/ml)  and  [5,6- 
••^Hjuridine  (1.0  /LtCi/ml). 

After  the  incubation  period  the  slices 
were  rinsed  five  times  in  the  incubation 
buffer  prior  to  homogenization.  Proteins 
from  the  600g  (myofibrillar)  pellet  and  the 
105,000g  (sarcoplasm)  soluble  fraction 
were  precipitated  with  an  equal  volume  of 
20%  trichloroacetic  acid  (TCA),  washed, 
and  assayed  for  radioactivity  (14,  15)  and 
protein  concentration  (12).  RNA  was  ex- 


tracted from  the  600g  fraction  by  an  incuba- 
tion for  60  min  at  37**  in  0.3  Af  KOH  accord- 
ing to  the  method  of  Fleck  and  Monro  (13), 
and  assayed  for  radioactivity  (IS)  and  total 
RNA  as  described  by  Mejbaum  (14). 

Ca^^  levels  were  measured  in  left  ventri- 
cles by  digestion  of  100  mg  of  tissue  in  1:3 
70%  perchloric  acid-30%  hydrogen  perox- 
ide for  4  hr  at  70**.  The  digestion  mixture 
was  diluted  to  2.0  ml  with  0.4  ml  of  5% 
lanthanum  oxide  and  glass  double-distilled 
water,  and  assayed  in  Perkin  Elmer  atomic 
absorption  spectrophotometer  at  422.7  nm. 

Results.  The  presence  of  hypertrophy  was 
determined  by  assessment  of  the  heart 
weight  to  body  weight  ratio  which  was  3.13 
±  0.17  X  10-3  (mean  ±  SD)  in  the  hyper- 
trophy group  7  days  postsurgery  as  com- 
pared to  2.74  ±  0.18  X  10-3  (mean  ±  SD) 
in  the  sham  (P  <  0.0025).  In  further  sup- 
port of  the  development  of  hypertrophy  is 
the  fact  that  RNA  concentrations  were  also 
elevated  in  the  aortic  constricted  group  [557 
±  54  /Ltg/ht  (mean  ±  SD)  vs  353  ±  35  /ig/ht 
(mean  ±  SD)  {P  <  0.0005)). 

Although  heterogenous  RNA  decreased 
after  a  3-hr  incubation  period  in  both 
groups,  in  the  absence  of  Ca^"^  RNA  was 
lower  in  the  sham  than  in  the  hypertrophy 
group  (Fig.  1).  In  the  presence  of  Ca*"*^ 
RNA  did  not  decrease  as  rapidly  in  the 
sham  group,  and  the  levels  of  RNA  were 
similar  to  the  hypertrophied  group  (Fig.  1). 

RNA  synthesis  in  the  hypertrophy  group 
was  essentially  the  same  as  the  sham  (Fig. 
2).  Although  the  incorporation  of  [5,6- 
^HJuridine  into  RNA  was  increased  by  1.5 
mA/  Ca^^  in  both  groups,  no  proportionate 
difference  in  the  Ca^^  enhancement  could 
be  observed  (Fig.  2).  The  rate  of  incorpora- 
tion of  labeled  uridine  into  RNA  in  both  the 
sham  and  hypertrophy  group  was  linear  and 
essentially  the  same  over  the  entire  4-hr 
incubation  period  as  seen  in  Fig.  2. 

Protein  synthesis  was  increased  1.5-  to 
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Fig.  1 .  A  bar  graph  of  changes  in  nuclear  RNA 
concentration  in  slices  of  sham  and  hypertrophied 
hearts  during  a  3-hr  incubation.  Data  are  based  on  six 
experiments  and  expressed  as  total  micrograms  of 
RNA  per  heart  ±  SD. 


Fig.  2.  A  logarithmic  plot  of  the  rate  of  synthesis 
of  RNA  in  sham-  and  hypertrophy-operated  animals. 

• •.  O O,  sham-operated  animals;  ▲ ▲, 

A A.  aortic-constricted  animals;  solid  symbols  no 

Ca**,  open  symbols  1 .5  mAf  Ca**.  Data  are  based  on 
six  experiments  and  are  expressed  as  dpmZ/ig  RNA. 

2.5-fold  in  left  ventricular  slices  from  the 
hypertrophied  hearts,  as  shown  in  Figs.  3-6. 
The  addition  of  Ca*"*^  to  the  incubation 
buffer  stimulated  the  rate  of  incorporation 
of  ["C]Ieucine  into  protein  in  both  groups. 
When  the  incubation  period  was  extended 
for  4  hr,  the  rate  of  myofibrillar-nuclear 
protein  synthesis  was  decreasing  after  3  hr 
in  t)oth  the  sham  and  hypertrophied  groups 
(Fig.  3).  A  logarithmic  plot  of  these  data 
indicated  that  the  rate  of  synthesis  of  pro- 
tein followed  first  order  kinetics  (Fig.  4) 


with  a  2.8  greater  rate  of  synthesis  in  the 
hypertrophied  group.  During  the  first  2  hr 
Ca^"*"  stimulated  more  markedly  the  incorpo- 
ration of  leucine  into  protein  in  the  sham 
group  (Fig.  4). 

The  105,000g  supernatant  proteins  in  the 
hypertrophy  group  also  were  labeled  at  a 
faster  rate  than  in  the  sham  group  (Fig.  5). 
In  constrast  to  the  myofibrillar  proteins,  the 
soluble  proteins  in  the  sham  group  did  not 
appear  to  slow  down  after  a  3-hr  incubation 
period.  Both  groups  exhibited  an  exponen- 
tial rate  of  soluble  protein  synthesis  (Fig.  6), 
and  the  stimulation  of  soluble  protein  syn- 
thesis was  initially  more  markedly  enhanced 
by  Ca^"*"  in  the  sham  group. 

The  uptake  of  ['^C]leucine  and  pH]uri- 
dine  into  the  TCA-soluble  fraction  over  the 
4-hr  incubation  period  was  not  significantly 
different  between  the  sham-operated  and 


Fig.  3.  The  rate  of  incorporation  of  ['^CJIeucine 
into  nuclear  myofibrillar  proteins  of  sham-  and  hyper- 
trophied-operated  animals.  Legend  to  figure  is  de- 
scribed in  Fig.  2.  Data  are  based  on  mean  of  six  experi- 
ments and  expressed  as  dpm//xg  protein. 


Hours 
Fig.  4.  A  logarithmic  plot  of  Fig.  3. 
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Fig.  5.  The  rate  of  incorporation  of  ['^C]leucine 
into  soluble  proteins  of  sham-  and  hypertrophied-oper- 
ated  animals.  Legend  to  figure  is  described  in  Fig.  2. 
Data  are  based  on  mean  of  six  experiments  and  ex- 
pressed as  dpm//Ag  protein. 
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Fig.  6.  A  logarithmic  plot  of  Fig.  5. 


the  hypertrophied  hearts,  as  shown  in  Fig. 
7.  The  presence  of  Ca^^  in  the  media  did  not 
enhance  the  appearance  of  RNA  and  pro- 
tein precursors  in  the  tissue  (Fig.  7).  Of 
interest  is  the  observation  that  the  concen- 
tration of  Ca^^  in  the  left  ventricle  was  sig- 
nificantly higher  4.8  ±  0.4  mg  of  Ca^VlOO  g 
wet  wt  (mean  ±  SD)  in  the  nonincubated 
tissue  of  the  hypertrophied  hearts  compared 
to  3.0  ±  0.6mgCa2V100gwet  wt  (mean  ± 
SD)  in  the  sham  hearts  (P  <  0.0005). 

Discussion.  These  studies  indicate  that 
the  rate  of  synthesis  of  RNA  and  of  proteins 
in  myocardial  slices  from  rats  subjected  to  7 
days  of  experimental  aortic  outflow  obstruc- 
tion are  similar  to  in  vivo  experiments  (1- 
3).  The  data  demonstrate  an  enhanced  rate 


of  protein  but  not  RNA  synthesis  at  this 
time  interval. 

It  was  noted  that  protein  synthesis  in  both 
the  sham  and  hypertrophied  groups  was 
stimulated  by  the  presence  of  exogenous 
calcium.  However,  the  rate  of  soluble  pro- 
tein synthesis  in  the  hypertrophied  group 
was  proportionately  no  greater  than  in  the 
sham.  Our  observations,  as  well  as  others 
(15-18),  indicate  that  endogenous  calcium 
is  elevated  in  hypertrophy  hearts.  It  is  possi- 
ble that  the  elevation  of  intracellular  Ca*^ 
may  be  responsible  for  the  increased  incor- 
poration of  labeled  amino  acid  into  protein 
(19)  in  the  hypertrophied  myocardium. 

Another  mechanism  which  may  enhance 
protein  synthesis  is  an  increase  in  concentra- 
tion of  RNA  (1,  20).  This  RNA  may  also 
have  a  long  half-life  since  protein  synthesis 
was  not  diminished  in  the  hypertrophied 
group  after  7  days.  The  elevated  levels  of 
RNA  in  the  hypertrophied  group  may  be 
also  due  to  an  initial  increased  rate  of  syn- 
thesis of  RNA  (1 ,  20)  or  decreased  degrada- 
tion of  RNA.  The  initial  increased  rate  of 
synthesis  of  RNA  may  have  been  stimulated 
by  an  increased  level  of  endogenous  Ca*^ 
(8,  19)  during  the  early  development  of  hy- 
pertrophy. 

The  results  of  this  study  also  indicate  that 
in  vitro  the  level  of  RNA  in  the  hypertrophy 
group  did  not  decrease  as  rapidly  as  the 
sham  (Fig.  1),  and  this  decrease  can  be 
replicated  in  the  sham  animals  by  the  pres- 
ence of  Ca*"^.  Calcium  has  been  reported  to 
prevent  the  breakdown  of  lysosomes  (21. 
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Fig.  7.  The  uptake  of  [*«C]Ieucine  and  (»H]uridine 
into  the  intracellular  Huid.  The  fluid  was  obtained  from 
the  TCA  precipitation  of  the  proteins  of  the  105,00^ 
soluble  supernatant  solution.  Sec  legend  to  Fig.  2  for 
description  of  symbols. 
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12)  which  contain  the  enzyme  involved  in 
^NA  degradation,  RNase  (23).  Since  Ca^"^ 
evels  are  higher  in  the  hypertrophied  heart, 
he  higher  concentration  of  RNA  in  this 
issue  may  be  due  to  a  direct  inhibition  of 
^Nase,  to  an  inhibition  of  its  release  from 
he  lysosomes  or  decreased  leakage  out  of 
he  cell  (21 ,  22).  This  may  be  of  importance 
o  the  enhanced  rate  of  protein  synthesis 
iince  total  RNA  levels  in  the  hypertrophied 
jroup  remained  higher  for  2-3  weeks  fol- 
owing  aortic  banding  (1)  whereas  RNA 
»ynthesis  was  elevated  only  in  the  early 
itage  of  hypertrophy  (1,  20). 

Although  tissue  slice  preparations  have 
rregular,  damaged  cells,  both  RNA  and 
3rotein  are  synthesized  at  a  linear  rate  for 
2-3  hr  (7,  8,  19),  suggesting  that  the  cells 
ire  viable.  In  addition,  no  differences  in  the 
uptake  of  uridine  and  leucine  were  observed 
between  the  hypertrophy  and  sham  groups 
[Fig.  7)  using  the  tissue  preparation.  It 
ivould  appear  that  the  differences  in  the  rate 
3f  RNA  and  protein  metabolism  are  not  due 
to  a  change  in  the  rate  of  uptake  of  uridine 
or  leucine  into  the  sarcoplasmic  pool  from 
the  extracellular  media  (8-10,  24-28). 
However,  it  is  conceivable  that  the  precur- 
sors may  be  transported  more  rapidly  into 
an  intracellular  pool  to  be  utilized  faster  in 
the  hypertrophied  heart,  or  that  there  may 
t>e  small  intracellular  pools  which  have  dif- 
ferent intracellular  concentrations  of  the 
precursors. 

It  can  be  observed  that  extracellular  cal- 
cium enhances  RNA  and  protein  synthesis 
in  both  groups;  but  a  more  marked  stimula- 
ion  of  the  rate  of  sarcoplasmic  protein  syn- 
desis by  calcium  was  noted  only  in  the  sham 
jroup.  The  increased  rate  of  basal  protein 
lynthesis  in  the  hypertrophied  group  may  be 
elated  to  (i)  increased  levels  of  intracellular 
ralcium  or  (ii)  an  increase  in  RNA  concen- 
ration.  In  either  case  an  increase  in  Ca^"*^ 
lux  may  be  a  significant  determinant  in  the 
jrocess  associated  with  myocardial  hyper- 
Tophy. 

Summary,  Myocardial  protein  synthesis 
ivas  elevated  7  days  after  rats  were  sub- 
jected to  experimental  aortic  outflow  ob- 
struction. Although  RNA  synthesis  was  not 
increased  at  this  time,  RNA  concentration 
was  elevated  and  may  have  provided  for  the 


observed  increase  in  protein  synthesis.  A 
possible  basis  for  the  persistence  of  the  high 
RNA  levels  was  a  decrease  in  the  degrada- 
tion of  RNA.  The  increase  in  intracellular 
calcium  observed  in  hypertrophied  tissue 
may  be  involved  in  the  maintenance  of 
RNA  concentration  and  in  the  increased 
rate  of  protein  synthesis. 
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iression  of  Corpora  Lutea  in  the  Rabbit  after  Injection  of  a  Gonadotropin- 
Releasing  Peptide  (39320) 
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lal  function  of  corpora  lutea  is  re- 
throughout  pregnancy  in  the  rabbit 
re  adequate  synthesis  and  secretion 
esterone .  When  large  doses  of  exog- 
uteinizing  hormone  (LH)  were  given 
dopregnant  rabbits  (1),  ovulation  of- 
urred  followed  by  regression  of  func- 
:orpora  lutea.  Subsequently,  it  was 
that  estrogen  prevented  LH-induced 
ion  of  corpora  lutea  (2,  3)  and  this 
is  now  accepted  as  the  ultimate  lu- 
ic  hormone  in  the  rabbit,  necessary 
ntenance  of  corpora  lutea  once  they 
►rmed.  Recent  experiments  (4)  indi- 
at  the  luteotropic  stimulus  of  estro- 
ches  the  corpus  luteum  by  way  of  the 
1  blood  supply. 

importance  of  the  ovarian  follicle  as 
jrce  of  17)8-estradiol  was  demon- 
when  the  follicles  were  destroyed  by 
iation    and   the    corpora    lutea   re- 

and  no  longer  synthesized  or  se- 
jrogesterone  (5).  Moreover,  daily  in- 
>  of  estradiol  prevented  luteolysis 
by  the  destruction  of  ovarian  folli- 
lius,  it  was  proposed  that  the  luteo- 
tivity  of  exogenous  LH  was  second- 

reovulation  which  removed  the 
of  endogenous  estrogen  (6). 
is  the  purpose  of  this  study  to  deter- 
he  influence  of  [o-Leu®,  des-Gly 
Pro-ethylamide^]-GnRH,  and  LH- 
ig  peptide  (7,  8),  on  corpora  lutea 
n  in  both  pregnant  and  pseudopreg- 
bbits. 

rials  and  methods.  Details  of  the  pro- 
;  for  the  synthesis,  deblocking,  and 
ition  of  synthetic  [o-Leu®,  des-Gly 

Pro-ethylamide®]-GnRH  were  de- 
previously  (7). 

re  New  Zealand  does  (3.5  to  4.5  kg) 
iged  individually  in  a  temperature- 
ntrolled  room  (25°;  lights  on  6  am-8 
at  least  a  3-week  period  before  ex- 


perimentation. Pseudopregnancy  was  in- 
duced in  12  does  by  an  iv  injection  of  25 
I.U.  HCG^  All  others  does  were  force- 
mated  within  a  2-hr  period  to  males  of 
proven  fertility  and  randomly  assigned  to 
treatment.  They  also  received  an  injection 
of  HCG  within  5  min  of  the  initial  mating. 
The  corpora  lutea  of  pseudopregnancy  and 
pregnancy  were  marked  with  India  ink  on 
Day  2  to  distinguish  them  from  peptide- 
induced  corpora  lutea.  The  peptide  was  di- 
luted in  0.1%  bovine  serum  albumin  and 
injected  into  a  marginal  ear  vein.  Sesame  oil 
was  used  as  diluent  for  17)8-estradioF  and 
progesterone,  which  was  administered  sub- 
cutaneously. 

Blood  was  collected  from  an  ear  vein  and 
immediately  refrigerated.  Within  24  hr  the 
blood  samples  were  centrifuged  (2500  rpm) 
and  the  serum  stored  at  -20°.  Progesterone 
was  measured  by  a  competitive  protein- 
binding  assay  (9).  The  rabbits  were  killed  by 
injecting  an  air  embolism  into  an  ear  vein 
after  which  the  entire  reproductive  tract  was 
removed  and  examined  for  viable  and  non- 
viable fetuses.  Corpora  lutea  were  removed 
from  the  ovaries,  cleaned  of  adhering  tissue, 
and  weighed  on  a  torsion  balance  to  the 
nearest  0.2  mg.  The  data  were  subjected  to 
analysis  of  variance  and  differences  among 
treatments  determined  by  Duncan's  multi- 
ple range  test  (10). 

Results.  Injection  of  50  /xg  of  the  peptide 
on  Day  11  of  pseudopregnancy  reduced  (P 
<  0.01)  the  weight  of  functioning  corpora 
lutea  by  Day  17  (16.3  vs  5.1  mg)  and  in- 
duced formation  of  additional  corpora  lu- 
tea (Table  I).  Estradiol  maintained  the 
weight  of  corpora  lutea  of  pseudopregnancy 

'  Antuitrin  "S,"  Parke-Davis,  Ann  Arbor,  Michi- 
gan. 

*  Progynon  suspension,  Schering  Corp.,  Bloomfield, 
New  Jersey. 
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of  peptide- treated  rabbits,  but  did  not  af- 
fect the  weight  of  the  "new"  coipora  lutea. 

A  single  50- /xg  injection  of  the  peptide  on 
either  Day  10,  14,  or  19  of  pregnancy  re- 
sulted in  34,  84,  and  83%  fetal  resorptions, 
respectively,  compared  to  12%  in  controls, 
as  observed  on  Day  28.  Four  rabbits  were 
examined  in  each  group.  The  presence  of 
two  distinct  sets  of  corpora  lutea  on  the 
ovaries  of  peptide-treated  rabbits  suggested 
that  sufficient  LH  was  released  from  the 
pituitary  to  induce  ovulation  or  cause  lu- 
teinization  of  existing  follicles.  Moreover, 
there  was  no  affect  on  percentage  of  fetal 
resorption  in  rabbits  which  did  not  ovulate 
after  receiving  lower  dose  levels  of  either  2 
or  10  /xg  of  the  peptide. 

In  another  experiment,  50  /xg  of  the  pep- 
tide injected  on  Day  15  of  pregnancy  in- 
duced formation  of  corpora  lutea  and 
regression  of  the  functioning  corpora  lutea 
(Table  II).  Serum  progesterone  was  reduced 
(P  <  0.01)  within  3  days  of  peptide  injec- 
tion but  increased  again  by  Day  23,  un- 


doubtedly reflecting  progesterone  secretion 
by  the  "new"  corpora  lutea  (Fig.  1).  The 
decline  in  serum  progesterone  in  controls  by 
Day  23  is  consistent  with  the  decline  in 
ovarian  production  (11)  and  circulating  lev- 
els of  progesterone  (12)  during  the  last  third 
of  pregnancy.  Fetal  resorption  determined 
at  Day  23  was  85  and  4.1%,  respectively, 
for  peptide-treated  and  control  animals 
(Table  II).  Twice  a  day  injection  of  31 .2  and 
125  ng  of  estradiol  into  peptide-treated 
rabbits  did  not  prevent  corpora  lutea  weight 
loss  or  fetal  resorption.  However,  at  500  ng, 
estradiol  prevented  corpora  lutea  regression 
and  fetal  loss  induced  by  the  peptide,  result 
ing  in  values  similar  to  controls.  In  contrast, 
a  dose  of  2  /xg  of  estradiol  twice  daily  main- 
tained corpora  lutea  weight  in  peptide- 
treated  does,  but  had  a  negative  effect  on 
fetal  survival.  Progesterone  (25  mg,  twice 
daily)  maintained  both  corpora  lutea  weight 
and  fetal  survival  at  levels  comparable  to 
controls. 
Discussion.   These  experiments  demon- 


TABLE  I.  Effect  of 

[D-Leu«, 

des-Gly  nh," 
Weight  in 

,   PRO-ETHYLAMIDE*l-GnRH  AND  ESTRADIOL  ON   CORPORA  LlTTEA 
THE  PSEUDOPREGNANT  RaBBIT. 

Corpora  lutea  of  pseudopregnancy 
Number           Weight  (mg  ±  SE) 

Peptide- 

induced  corpora  lutea 

Group" 

Number 

Weight  (mg  ±  SE) 

1.  Controls 

2.  Peptide  {?f 

3.  P  +  EstradioF 

16.0 
11.2 
12.8 

16.3  ±  1.1 

5.1  ±  0.4 

18.3  ±  2.4 

12.8 
9.5 

8.2  ±  0.3 
11.2  ±  0.8 

°  Four  animals  per  group. 

"  Single  injection  of  50  /xg  on  Day  1 1 . 

^  Twice  daily  injection  of  1  /xg  of  17)3-estradiol  beginning  on  Day  1 1 .  All  rabbits  were  autopsied  on  Day  17. 


TABLE  II.  Effect  of  Estradiol  (Ej)  and  Progesterone  (P4)  on  Corpora  Lutea  Weight  and  Fetal 
Survival  in  [d-Lcu*,  des-Gly  NHg'",  Pro-Ethylamide^J-GnRH-TREATED  Pregnant  Rabbits. 


Number  of 

docs  im- 

planting 
per  num- 

Mean number 

Mean  number 

Resorp- 

Mean number 

corpora  lutea 

Mean  corpora  h 

itea  weight  (mg) 

ber  mated 

implants 

viable  fetuses 

tions  (%) 

Pregnancy 

Induced 

Pregnancy 

Induced 

Controls 

11/12 

9.00  ±  ojy 

8.63  ±  0.64 

4.1 

11.10±  0.47 

_ 

20.40  ±  1 .30 

Peptide    {?r 

12/13 

9.50  ±  0.58 

1.42  ±  0.60 

85 

9.53  ±  0.79 

14.2  ±  0.86 

7.63  i  1.20 

13.2  i  1.00 

P+E,»(31.2 

5/5 

6.00  ±  1.10 

0.42  ±  0.24 

93 

7.80  *  0.43 

12.4  ±  0.66 

8.10  ±  0.98 

14.3  ±  0.36 

ng) 
P  +  E,  (125 

4/5 

9.00  ±  1.20 

2.00  ±  1.20 

78 

1 1 .80  ±  0.89 

11.0  ±  1.83 

7.60  ±  2.40 

11.3  ±2.60 

ng) 
P  +  E,  (500 

5/5 

7.60  ±0.51 

7.00  ±  0.71 

7.9 

11.60  ±  1.00 

8.8  ±  1.30 

16.60  ±  1.40 

16.4  ±  0.98 

ng) 
P  +  E,  (2000 

5/5 

10.00  i  0.89 

0.40  ±  0.24 

96 

10.40  2t  0.85 

11.4  ±  0.82 

16.70  ±  0.67 

14.2  ±  0.41 

ng) 
P   +    P4   (25 

7/8 

7.30  ±  1.20 

7.00  ±  1.30 

4.1 

8.70  *  0.80 

10.7  ±  1.00 

15.80  ±  1.50 

16.5  ±  1.20 

mg) 

•  Single  iv  injection  of  50  ^g  on  Day  15. 

•  Twice-daily  injections  of  E,  and  P,  sc  in  sesame  oil. 
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DAY  OF  PREGNANCY 

IG.  1.  Serum  progesterone  concentrations  in 
nant  rabbits  before  and  after  the  injection  of  vehi- 
or  [D-Leu«,  des-GIy  NH,'",  Pro-ethylamide*)- 
IH.  Each  point  represents  the  mean  ±  SE  of  eight 

te  that  a  potent  gonadotropin-releasing 
tide  apparently  induces  sufficient  LH 
ase  from  the  pituitary  of  the  pseudo- 
jnant  and  pregnant  rabbit  to  cause  ovu- 
>n  and  regression  of  existing  corpora  lu- 

That  the  peptide  induced  ovulation  in 
pregnant  rabbit  is  supported  by  recent 
eriments  (unpublished)  in  which  we  ob- 
ed  ovulation  points  on  the  ovary  and 
>vered  eggs  from  the  oviducts  24  hr  after 
ction.  To  our  knowledge,  this  is  the  first 
tonstration  that  endogenously  released 
will  ovulate  the  estrogen-secreting  folli- 

present  during  pseudopregnancy  and 
;nancy,  thus  depriving  the  rabbit  of  its 
otropic  support  for  existing  corpora  lu- 

In  pregnant  rabbits,  serum  progester- 
declined  within  3  days  of  peptide  injec- 
.  Furthermore,  corpora  lutea  regression 
Ited  in  a  large  percentage  of  fetal  re- 
tions.  In  many  of  the  rabbits,  complete 
tion  occurred  when  the  peptide  was 
n  on  Day  19  of  pregnancy. 
Iiat  the  luteolytic  effect  of  the  peptide  is 
mdent  on  ovulation  is  supported  by  the 
irvations  that  certain  levels  of  estradiol 
maintain  corpora  lutea  weight  and  fetal 
ility.  Keyes  and  Nalbandov  (5)  reported 
2  to  4  /mg  of  estradiol  was  required  daily 
aintain  function  of  corpora  lutea  in  rab- 
in  which  the  ovaries  had  been  X-irradi- 


ated.  However,  we  have  found  that  inject- 
ing 0.5  /xg  of  the  steroid  twice  daily  main- 
tained both  corpora  lutea  weight  and  fetal 
survival.  These  differences  are  probably  re- 
lated to  the  method  of  destruction  of  estro- 
gen-secreting ovarian  tissue,  in  that  X-irra- 
diation  is  undoubtedly  a  more  severe  treat- 
ment than  peptide-induced  ovulation.  In 
our  studies  the  twice-a-day  dose  of  2  /xg  of 
estradiol  maintained  corpora  lutea  weight 
but  was  detrimental  to  fetal  survival.  The 
fact  that  peptide-induced  luteolysis  was  pre- 
vented by  progesterone  is  surprising  in  view 
of  the  accepted  luteotropic  property  as- 
signed to  estrogen.  Possibly  the  large  dose 
of  progesterone  protected  or  sensitized  the 
estradiol  receptors  of  the  corpora  lutea  to 
the  existing  low  levels  of  that  steroid  or 
allowed  for  sufficient  conversion  to  estro- 
gen. Verification  of  these  possibilities  awaits 
further  experimentation. 

Summary.  We  have  shown  that  a  potent 
agonist  of  the  luteinizing  hormone  injected 
on  either  Day  11  of  pseudopregnancy  or 
Day  15  of  pregnancy  causes  luteinization  of 
ovarian  follicles  and  a  rapid  regression  of 
functional  corpora  lutea.  Serum  levels  of 
progesterone  declined  markedly  within  3 
days  of  peptide  injection  in  pregnant  ani- 
mals. In  the  presence  of  regressing  corpora 
lutea,  fetal  resorption  occurs  which  can  be 
prevented  by  estradiol  (500  ng,  twice  a  day) 
or  progesterone.  Daily  levels  of  estradiol 
below  1  /xg  did  not  maintain  either  corpora 
lutea  weight  or  fetal  survival,  whereas  4  /xg 
of  the  steroid  maintained  corpora  lutea 
weight,  but  not  pregnancy. 

The  authors  wish  to  thank  Ms.  Jaxie  Dausman  and 
Mr.  Joseph  Cole  for  their  technical  assistance,  and  Dr. 
Vernon  Stephans  for  performing  the  progesterone  as- 
says. 
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humoral  and  cell-mediated  immune 
;es  decline  with  advancing  age  as  the 
)f  complex  changes  in  the  immune 
and  its  environment  (1).  In  part  this 
can  be  attributed  to  a  decrease  in  the 
ative  capacity  of  mature  T-cells.  This 
ion  is  based  on  observations  demon- 

that  although  the  number  of  0  posi- 
Is  in  mouse  lymphoid  tissues  remains 
ly  constant  (1),  the  proliferative  re- 
i  of  these  cells  to  T-cell  mitogens  (2), 
eic  cells  (3),  and  to  thymus-depend- 
tigens  (4)  decrease  markedly  with 

ite,  studies  on  age-related  changes  in 
immunity  have  focused  on  the  func- 
mature  post-thymic  T-cells  obtained 
ly  from  peripheral  lymphoid  tissues, 
le  or  no  information  has  been  devel- 
1  the  effects  of  aging  on  the  precur- 
these  cells.  Reported  here  are  obser- 
suggesting  that  with  age  there  is  an 
e  decrease  in  bone  marrow  T-cell 
tors  and/or  an  impairment  of  their 
ative  capacity. 

nals  and  methods.  Mice.  Male 
./6  X  A/HeJ)F,,  B6AF,,  mice  were 
«d  from  The  Jackson  Laboratory, 
irbor,  Maine.  Bone  marrow  recipi- 
:re  12-  to  16-weeks  old;  they  were 
00  R  of  whole-body  y  radiation  on 
of  cell  transfer  (««Co;  100  R/min; 
o-source,  80  cm;  100%  lethal  to  un- 
;d  controls  in  11-14  days).  After  ir- 
n  the  mice  were  housed  five  per 
id  for  21  days  they  were  given  water 
ing  neomycin.  Bone  marrow  donors 
)-  to  143-week-old  B6AF,  males. 
marrow.  Donors  were  killed  by  cer- 
slocation.  Bone  marrow  cells  were 
from  the  femoral  cavity  with  Hank's 
I,  and  they  were  washed  twice.  The 
ed  cells  were  counted  in  triplicate  in 

work  was  supported  by  USPHS  Research 
w.  HD  07708,  DE  02668,  and  RR  5333. 


a  hemocytometer.  Cell  viability  was  assayed 
by  the  trypan  blue  exclusion  test,  and  in  all 
cases  90  to  93%  of  the  cells  excluded  the 
dye.  After  appropriate  adjustments  in  cell 
concentration,  the  cells  were  injected  iv  in 
0.2  ml  into  the  lateral  tail  vein  of  irradiated 
recipients. 

Regeneration  of  thymus  and  spleen.  It  is 
generally  accepted  that  only  T-cell  precur- 
sors repopulate  the  thymus  of  lethally  irradi- 
ated, bone  marrow- reconstituted  recipients 
(5).  Therefore,  irradiated  mice  were  in- 
jected iv  with  2.8to3.2xl0*  viable  nu- 
cleated marrow  cells  obtained  from  10-  to 
143-week-old  syngeneic  donors,  and  3 
weeks  later  their  spleens  and  thymuses  were 
removed  and  weighed  individually.  This 
time  period  was  selected  because  prelimi- 
nary work  showed  that  repopulation  of  the 
thymus  by  donor  cells  was  nearly  maximal 
by  21  days  after  injection  and  host  marrow 
recovery,  if  any,  was  minimal  at  this  time 
(unpublished  data).  The  results  of  these  ex- 
periments have  been  expressed  in  terms  of 
milligrams  of  organ  weight  per  10*  cells  in- 
jected. The  data  have  been  analyzed  by 
means  of  Student's  t  test. 

Colony-forming  units  (CFU)  assay  (6), 
Previous  studies  have  shown  that  with  most 
strains  of  mice  there  is  little  or  no  change 
with  age  in  the  number  of  hematopoietic 
stem  cells  (CFU)  in  the  marrow  (7,  8). 
Therefore,  as  a  check  on  the  reliability  of 
the  total  cell  counts  and  cell  viability  deter- 
minations, irradiated  mice  were  injected  iv 
with  1  to  1.5  X  10*  marrow  cells  from  the 
preparations  used  to  measure  lymphoid  or- 
gan regeneration.  Nine  days  later  the  mice 
were  killed,  and  their  spleens  were  fixed  in 
Bouin's  solution.  CFU  were  counted  under 
4x  magnification. 

Results  and  discussion.  Although  the 
number  of  CFU  varied  somewhat  between 
experiments,  total  CFU  per  femur  and  per 
10*  cells  remained  relatively  constant  be- 
tween 14  and  127  weeks  (Table  I).  These 
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TABLE  I.  Spleen  CFU  and  Thymus  and  Spleen  Weights  of  Lethally  Irradiated  B6AF,  Mice  Given 
Marrow  Cells  from  Aging  Syngeneic  Donors" 


CFU 


Organ  weight  (mg  ±  SD/IO*  cell) 


Age  of  do-     Number  of 
nor  (weeks)         mice 


Per  femur 


Per  10* 
cells 


Number  of 
mice 


Thymus 


Spleen 


16 
63 
16 
71 
10 

117 
14 

122 
14 

124 
16 

127 
16 

143 


1545 

13.5 

1512 

14.6 

1612 

11.5 

1555 

12.7 

2220 

15.7 

1884 

14.8 

1643 

11.3 

1795 

13.6 

2209 

13.7 

2034 

14.5 

9.9 

10.1 
9.8 
8.9 

10.4 
7.1 

10.1 
6.8 

10.3 
6.4 
9.8 
5.2 
9.4 
4.3 


1.1 

0.9 

1.2 

1.1 

0.8 

0.7* 

1.2 

1.1* 

0.7 

0.9* 

0.9 

0.7* 

0.9 

0.3* 


21.6  ±  3.6 
19.2  ±  2.5 
16.0  ±  2.7 


16.1 
21.6 

17.7 


±  3.1 
±  2.2 
±  2.6 


23.7  ±  1.8 
24.1  ±  3.0 
23.6  ±  2.4 
20.1  ±  1.8 
23.3  ±  1.9 
23.6  ±  2.1 
24.6  ±  2.4 

16.8  ±  2.6* 


"  The  mice  were  exposed  to  900  R  •"Co  y-radiation  and  given  1 .0-1 .5  x  10*  or  2.8-3.2  x  10*  marrow  cells  iv 
Nine  days  later  CFU  were  counted  in  the  spleens  of  mice  given  10*  cells,  and  21  days  after  irradiation,  spleen  and 
thymus  weights  were  determined  in  recipients  of  10*  cells. 

*  P  <  0.01,  Student's  r  test. 


findings  are  consistent  with  previous  work 
which  demonstrated  that  in  healthy  mice 
total  marrow  cellularity  and  the  hemato- 
poietic stem  cell  population  were  little  af- 
fected by  aging  (7,  8). 

Similarly,  the  regeneration  of  spleen 
weight  was  not  consistently  or  significantly 
affected  by  the  age  of  the  marrow  donor. 
The  one  exception  to  this  was  found  in  the 
group  given  marrow  from  143-week-old  do- 
nors; here  splenic  regeneration  was  signifi- 
cantly diminished.  However,  the  reproduci- 
bility and  the  biological  significance  of  this 
finding  remain  to  be  determined. 

By  contrast,  thymic  regeneration  was  sig- 
nificantly impaired  when  the  irradiated  re- 
cipients were  given  marrow  cells  from  do- 
nors 117  weeks  of  age  or  older;  further, 
there  appeared  to  be  an  inverse  relationship 
between  the  age  of  the  donor  and  the  ability 
of  the  marrow  to  repopulate  the  thymus. 

Although  it  has  been  shown  that  marrow 
from  aged  donors  has  a  diminished  ability  to 
repopulate  the  thymus  of  irradiated  hosts,  a 
function  reserved  to  precursors  of  T-cells,  it 
is  not  clear  whether  this  is  the  result  of  a 
decrease  in  the  size  of  the  stem  cell  pool 
and/or  an  impairment  of  proliferative  capac- 
ity. The  resolution  of  these  questions  may 
await  the  discovery  of  a  unique  cell  marker 
for  the  precursors  of  T-cells.  In  experiments 


not  reported  here,  it  has  been  found  that 
although  the  graft-vs-host  activity  of  spleen 
cells  from  126- week-old  mice  was  signifi- 
cantly diminished,  10  x  10**  marrow  cells 
from  these  aged  donors  produced  the  same 
mortality  among  irradiated  recipients  (4/20) 
as  did  equal  numbers  of  cells  from  12-week- 
old  mice.  This  suggests  that  the  numbers  of 
post-thymic  effector  T-cells  in  the  manow 
inoculae  were  not  grossly  different. 

Summary.  Mice  were  given  a  lethal  dose 
of  whole-body  y  radiation  and  injected  with 
10*  or  10®  marrow  cells  from  10-  to  143- 
week-old  syngeneic  donors.  Nine  days  later, 
colony-forming  units  (CFU)  were  counted 
in  the  spleens  of  mice  given  10*  cells,  and  21 
days  after  irradiation,  spleen  and  thymus 
weights  were  determined  in  the  recipients  of 
10®  cells.  It  was  found  that  there  were  no 
significant  changes  with  age  in  marrow  CFU 
or  in  the  ability  of  marrow  cells  to  repopu- 
late host  spleens.  In  contrast,  thymic  regen- 
eration was  significantly  impaired  when  the 
recipients  received  marrow  cells  from  do- 
nors 117  weeks  of  age  or  older.  These  ob- 
servations suggest  that  with  aging  there  is  a 
decrease  in  marrow  T-cell  progenitors  and/ 
or  a  decline  in  their  proliferative  capacity. 
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Variations  in  Eiastaselike  Esterase  Activities  in  Human  Leucocytes  during  Cell 
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The  involvement  of  leucocyte  enzymes  in 
the  pathogenesis  of  inflammatory  diseases 
has  been  the  subject  of  several  recent  re- 
views and  symposia  (1-4).  Human  leuco- 
cytes contain  several  different  neutral  ester- 
ases and  proteases  (5,6),  most  of  which  are 
located  in  the  azurophil  granules  of  these 
cells  (6).  One  of  these  enzymes,  an  eiastase- 
like esterase  which  migrates  slowly  in  acryl- 
amide  gel  during  acid-pH  electrophoresis, 
requires  the  presence  of  Triton  to  hydrolyze 
synthetic  substrates  (5).  In  this  regard,  the 
slow-migrating  enzyme  is  different  from  the 
well-characterized,  rapidly  migrating  elas- 
tase  isozymes  present  in  the  same  leucocyte 
granules  (7-10),  since  the  latter  enzymes 
are  capable  of  hydrolyzing  substrates  in  the 
absence  of  the  detergent.  In  the  course  of 
recent  work  on  the  purification  of  leucocyte 
elastases  (10),  we  observed  that  granular 
extracts  from  preleukemic  and  leukemic  in- 
dividuals contained  the  slow-moving,  Tri- 
ton-activatable  eiastaselike  esterase  (SE), 
but  no  elastase  isozymes.  One  possibility 
that  was  suggested  by  this  observation  was 
that  SE  might  be  an  inactive  zymogen  or 
precursor  form  of  leucocyte  elastase  found 
mainly  in  immature  cells,  but  partly  retained 
as  the  cells  matured. 

The  purpose  of  the  present  studies  was  to 
explore  the  relationship  between  cellular 
maturation  and  the  SE  content  of  human 
leucocyte  granules.  We  also  studied  some  of 
the  biochemical  and  immunological  proper- 
ties of  leucocyte  SE. 

Materials.  Human  blood  from  healthy  in- 
dividuals was   purchased   from   the   N.Y. 
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Blood  Center.  Bone  marrow  aspirates  from 
nonleukemic  patients  were  kindly  provided 
by  Dr.  R.  Prasad  of  the  V.A.  Hospital, 
Northport,  N.Y.  Leucocytes  from  both 
sources  were  processed  within  a  few  hours. 
Enzyme  substrates  and  inhibitors  were  the 
same  as  reported  earlier  (10).  Rabbit  antise- 
rum to  human  leucocyte  elastase  was  pre- 
pared in  this  laboratory  as  described  before 
(10),  and  GARG^  was  purchased  from  Me- 
loy  Laboratories,  Inc.,  Springfield,  Vir- 
ginia. The  latter  antiserum  contained  9.0 
mg/ml  of  antibody  protein .  Elastatinal  was  a 
gift  from  Dr.  T.  Sugimura. 

Methods.  Human  leucocytes  and  leuco- 
cyte granules  were  isolated  from  venous 
blood  and  bone  marrow  aspirates  by  the 
procedure  of  Janoff  and  Scherer  (11).  Lysis 
of  the  granules  in  neutral-buffered  0.10  M 
NaCl  to  provide  a  crude  extract  of  granule 
proteins  was  carried  out  as  described  else- 
where (10).  Acrylamide  gel  electrophoresis, 
at  pH  4.3,  was  performed  according  to  Reis- 
feld  etal.  (12).  Protein  concentrations  were 
determined  by  the  method  of  Lowry  et  al. 
(13)  using  bovine  serum  albumin  as  a  stand- 
ard. Enzymatic  staining  reactions  in  acryl- 
amide gels  using  Ac-DL-Ala-1-ONap  was 
done  according  to  Sweetman  and  Omstein 
(5)  with  slight  modifications  (14).  Enzy- 
matic assays  for  elastase  using  Boc-Ala- 
ONp  as  a  substrate  were  carried  out  as  de- 
scribed before  (10). 

A  double  immunodiffusion  experiment  to 
test  for  antigenic  cross-reactivity  between 
SE  and  the  rapidly-migrating  leucocyte  elas- 

^  Abbreviations:  N-acetyl-L-alanyl-L-alanyl-L-prolyl- 
L-alanine  chloromethyl  ketone,  Ac-(AIa)rP">- 
AIaCH,a;  N-acetyl-L-alanyl-L-alanyl-L-alanine  chloro- 
methyl ketone,  Ac-(Ala)3CH,a;  carbobenzoxy-L-ala- 
nine  chloromethyl  ketone,  Z-AIaCH,a;  N-r-butyloxy- 
carbonyl-L-alanine-p-nitrophenol,  Boc-Ala-ONp;  N- 
acetyl-DL-alanine-a-naphthyl  ester,  Ac-DL-Ala-1- 
ONap;  Diisopropylfluorophosphate,  Dip-F;  Goat  anti- 
rabbit  immunoglobulins  antiserum,  GARG;  slow-mov- 
ing esterases,  SE. 
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iozymes  was  performed  as  follows, 
undred-sixty-seven  micrograms  of 
e  extract  protein  were  loaded  onto 
»f  four  acrylamide  gels,  and  standard 
ic  disk-electrophoresis  was  carried  out 
\fter  electrophoresis,  the  anodal  seg- 
3f  each  gel  was  removed.  These  seg- 
contained  the  SE  proteins,  as  judged 
)ther  gels  stained  for  protein  content 
r  esterase  activity  against  Ac-DL-Ala- 
ip.  Care  was  taken  to  exclude  por- 
>f  the  gel  containing  the  rapidly  mi- 
I  elastase  isozymes.  The  anodal  seg- 

were  then  lyophilized,  pooled,  pul- 
i  with  a  glass  rod,  and  extracted  in  5 .0 
iCl  -I-  0.05  M  sodium  phosphate 
,  pH  7.5,  for  6  hr  in  the  cold.  The 
t  was  clarified  by  centrifugation,  con- 
ted  by  ultrafiltration  (Amicon  XM-50 
rane),  dialyzed  vs  H2O,  and  lyophi- 
Fhe  lyophilate  was  restored  to  0.1 -ml 
th  H2O.  Forty  microliters  were  sub- 
to  cationic  electrophoresis  in  each  of 
w  acrylamide  gels,  which  were  subse- 
y  stained  either  for  protein  or  for  es- 
activity  vs  Ac-DL-Ala-1-ONap.  This 
>ne  to  check  the  original  gel  extract 
:overy  of  active  SE  as  well  as  for  the 
ce  of  contaminating  elastase  iso- 
.  [Previous  work  (14)  has  shown  that 
r  as  0.7  /xg  of  elastase  isozymes  can  be 
id  in  gels  stained  with  Ac-DL-Ala-1- 
.]  The  remainder  of  the  reconstituted 
late  (20  /xl)  was  used  to  fill  the  well  of 
lunodiffusion  agarose  plate.  An  adja- 
'cU  was  filled  with  3  fig  of  purified 
yte  elastase  isozymes  (10),  and  a  third 
ceived  20  /xl  of  Amicon  filtrate.  The 

well  of  the  plate  was  filled  with  a 
pecific  rabbit  antiserum  prepared 
t  purified  human  leucocyte  elastase 
les  (10).  Precipitin  lines  which  subse- 
y  developed  were  amplified  by  sec- 
r  immunodiffusion  of  the  exhaustively 
i  agarose  plate  against  goat  anti-rab- 
nunoglobulin  antiserum  (GARG). 
tits  and  discussion.  Typical  electro- 
ic  gel  patterns  of  human  blood  leuco- 
-anular  extracts  are  shown  in  Fig.  1. 
V  was  stained  for  proteins  and  shows 
le  bands.  The  four  leucocyte  elastase 
es  are  in  the  middle  third  of  the  gel 
e  marked  with  single  arrows  in  Fig. 
el  IB  was  stained  with  Ac-DL-Ala-1- 


ONap.  The  elastase  isozymes  are  revealed 
in  the  midportion  of  the  gel  as  zones  of 
reaction  product,  while  the  anodal  part  of 
the  gel  (top)  contains  an  additional  zone  of 
similar  esterase  activity.  This  is  the  slow- 
moving  esterase  (SE). 

The  esterase  activity  of  SE  required  the 
presence  of  Triton  in  the  gel  (0.4%) 
whereas  that  of  the  more  rapidly  moving 
isozymes  did  not,  an  observation  previously 
reported  by  Sweetman  and  Ornstein  (5)  and 
confirmed  by  one  of  us  (7).  These  results 
are  shown  in  Fig.  IC,  which  represents  a 
disk  gel  stained  for  esterase  activity  in  the 
absence  of  Triton. 

The  slow  rate  of  migration  of  SE  relative 
to  the  elastase  isozymes  can  be  seen  in  Fig. 


Fig.  1.  Acrylamide  electrophoretic  gel  patterns  of 
human  blood  leucocyte  granule  extracts.  Migration 
from  top  to  bottom.  Each  gel  was  loaded  with  535  ptg 
of  granular  proteins.  (A)  Buffalo  Black  stain;  (B)  Ac- 
DL-Ala-1-ONap  stain;  (C)  same  as  (B),  but  without 
Triton  in  the  acrylamide  gel.  Arrows  in  gel  (A)  mark 
the  location  of  four  elastase  isozymes.  (Note  that  al- 
though gel  (C)  is  shorter  than  gels  (A)  and  (B),  its  top 
corresponds  to  the  interface  between  spacer  and  sepa- 
ration gels  as  do  the  tops  of  the  other  two  gels  shown  in 
the  figure.) 


38 


LEUCOCYTE  ELASTASES  IN  MATURATION 


1.  Quantitative  determination  of  esterase 
activity  in  gels  stained  with  Ac-DL-Ala-1- 
ONap  (14)  showed  that  10-15%  of  the  total 
granule  activity  against  this  substrate  was 
due  to  SE  in  the  anodal  region. 

The  effect  of  Triton  on  the  enzymatic  ac- 
tivity of  SE  against  Boc-Ala-ONp  was  also 
tested  as  follows.  After  electrophoresis  of 
leucocyte  granular  extract,  the  anodal  parts 
(3-4  mm)  of  the  gels  were  cut  off  and  lyoph- 
ilized.  The  lyophilized  gel  was  extracted 
with  neutral,  0.1  Af  phosphate  buffer,  and 
the  extracts  were  concentrated  and  lyophi- 
lized again.  Boc-Ala-ONp  esterase  activity 
of  the  final  redissolved  lyophilate  was  then 
determined.  When  0.4%  Triton  was  in- 
cluded in  the  enzymatic  reaction  mixture, 
the  esterase  activity  was  61%  greater  than 
in  the  case  of  reaction  mixtures  not  contain- 
ing Triton.  Detergents  like  Triton  may  af- 
fect either  the  conformation  or  state  of  ag- 
gregation of  SE  allowing  it  to  become  active 
against  Ac-DL-Ala-1-ONap  and  to  increase 
its  activity  against  Boc-Ala-ONp,  both  typi- 
cal leucocyte  elastase  substrates. 

Several  additional  experiments  were  car- 
ried out  to  further  characterize  the  activa- 
tion and  inhibition  properties  of  SE.  Treat- 
ment of  leucocyte  granule  extract  with  6.6 


X  lO""*  M  Dip-F  prior  to  electrophoresis 
resulted  in  complete  inhibition  of  the  ester- 
ase activity  of  elastases  as  well  as  of  SE  (Fig. 
2B).  Preincubation  with  6.6  x  IQ-*  M  Ac- 
(Ala)2-Pro-AlaCH2Cl,  a  powerful  elastase 
inactivator  (15),  completely  inactivated  the 
elastase  isozymes  with  no  effect  on  SE  (Fig. 
2C).  The  inability  of  this  elastase  inactivator 
to  affect  SE  was  observed,  even  though  Tri- 
ton was  present  during  the  preincubation. 
Sweetman  and  Omstein  (5)  reported  that 
Ac-(Ala)3CH2Cl,  in  low  concentration,  did 
not  affect  SE  while  it  did  inactivate  the  elas- 
tase isozymes.  When  they  increased  the  in- 
activator concentration  to  2  x  10"^  Af,  they 
achieved  appreciable  inactivation  of  SE  as 
well.  In  our  experience,  neither  6.6  x  10"^ 
M  Ac-(Ala)2-Pro-AlaCH2Cl  nor  6.6  x  IQ-* 
M  Z-AlaCH2Cl  was  able  to  affect  SE  in  gels. 
However,  we  did  not  test  10"^  M  concentra- 
tions of  these  inactivators.  Preincubation  of 
granule  extract  with  elastatinal,  a  powerful 
microbial  peptide  inhibitor  of  pancreatic 
elastase  (16),  did  not  affect  the  esterase 
activities  in  acrylamide  gels  of  either  the 
elastase  isozymes  or  SE.  This  result  was 
consonant  with  earlier  observations  of  the 
present  authors,  namely  that  elastatinal  is  a 
rather  weak  inhibitor  of  human  leucocyte 


Fig.  2.  Acrylamide  electrophoretic  gel  patterns  of  human  blood  leucocyte  extracts  pretreated  with  inhibitors. 
Migration  from  top  to  bottom .  Each  gel  was  loaded  with  1 07  fig  of  granular  proteins.  The  granular  extracts,  before 
being  loaded  onto  the  gels,  were  preincubated  for  1  hr  at  pH  7.5,  at  room  temperature,  with  various  inhibitors.  All 
the  gels  were  stained  with  Ac-oL-Ala-l-ONap.  (A)  Control  (incubated  without  inhibitor);  (B)  preincubated  with 
6.6  X  10-^  M  Dip-F;  (C)  preincubated  with  6.6  x  10"^  M  Ac-(Ala)rPro-AlaCH,a;  (D)  preincubated  with  400 
/xg  of  elastatinal. 
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se,  in  comparison  to  porcine  elastase 

ylamide  gel  electrophoretic  patterns 
M  NaCl  granule  extracts  from  two 
rations  of  human  bone  marrow  leuco- 
are  shown  in  Fig.  3.  As  can  be  seen, 
el  electrophoretic  patterns  (protein 
)  of  bone  marrow  leucocyte  extracts 
d  to  be  significantly  different  from 
of  peripheral  blood  leucocytes  (com- 
Fig.  lA  to  Fig.  3 A  and  B).  From  the 
n  staining,  it  appeared  that  the  con- 
)f  elastase  isozymes  (middle  region) 
luch  lower  in  bone  marrow  leucocyte 
le  extracts  than  in  granule  extracts 
peripheral  blood  leucocytes.  This  dif- 
re  was  even  more  strikingly  demon- 
i  when  the  esterase  activities  against 
.-Ala-1-ONap  were  compared  (see 
B  vs  Fig.  3a  and  b).  No  trace  of  elas- 
sozyme  activities  (middle  region)  ap- 
d  in  the  gels  containing  bone  marrow 
:yte  granule  extracts.  The  only  visible 
se  activity  against  Ac-DL-AIa-1-ONap 
ed  in  the  anodal  portions  of  the  gels, 
ugh  the  esterase  stains  shown  in  Fig. 
d  C  (blood  leucocyte  granules)  were 
ed  with  large  quantities  of  granular 


protein  (535  /xg),  we  previously  showed 
that  the  Ac-DL-Ala-1-ONap  gel-staining 
method  is  sensitive  enough  to  detect  0.7  /xg 
of  pure  leucocyte  elastase  isoenzymes  (14) 
and  that  this  method  easily  demonstrates 
these  enzymes  in  as  little  as  10  /xg  of  crude 
granular  protein  derived  from  blood  leuko- 
cytes (7).  Therefore,  the  total  absence  of 
isoenzyme  staining  in  Fig.  3  (gels  a  and  b), 
in  which  94  and  200  /xg  of  marrow  leucocyte 
granular  protein  were  tested,  clearly  sug- 
gests that  enzymatically  mature  elastase  iso- 
enzymes are  deficient  in  marrow  leucocytes. 
The  differential  leucocyte  count  of  these 
two  bone  marrow  samples  is  given  in  Table 
I.  Morphologically  mature  leucocytes  made 
up  about  50%  of  the  total.  Thus,  despite  the 
presence  of  a  significant  number  of  morpho- 
logically mature  cells,  enzymatic  maturity 
was  apparently  still  lacking,  at  least  in  the 
case  of  the  elastase  isozymes. 

For  a  final  experiment,  SE  was  separated 
from  the  elastase  isozymes  by  preparative 
gel  electrophoresis  of  granule  extracts  pre- 
pared from  peripheral  blood  leucocytes. 
Various  fractions  extracted  from  the  prepar- 
ative acrylamide  gels  (as  described  in  Meth- 
ods )  were  then  tested  by  double  immunodif- 


L  Acrylamide  electrophoretic  gel  patterns  of  human  bone  marrow  leucocyte  granule  extracts.  Migration 
to  bottom.  Gels  (A)  and  (a)  were  each  loaded  with  94  /xg  of  granular  proteins  from  bone  marrow  No.  1 . 
and  (b)  were  each  loaded  with  200  /xg  of  granular  proteins  from  bone  marrow  No.  2.  Gels  (A)  and  (B), 
)lack  stain;  gels  (a)  and  (b),  reacted  with  Ac-oL-Ala-l-ONap  for  esterase  activity. 
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fusion  against  a  monospecific  rabbit  antise- 
rum to  purified  leucocyte  elastase  isozymes 
(10).  Evidence  of  antigenic  cross-reactivit>' 
between  the  isozymes  and  SE  was  obtained 
(see  Fig.  4).  A  precipitin  line  (single  arrow) 
developed  between  the  antiserum  well  and 
the  well  containing  SE,  and  the  line  was 
continuous  with  the  precipitin  line  (double 
arrow)  given  by  pure  leucocyte  elastase  iso- 
zymes reacting  against  this  same  antiserum. 
Electrophoretic  analysis  of  the  SE  fraaions 
used  in  this  experiment  revealed  active  SE. 
as  expeaed,  but  failed  to  detect  any  con- 
tamination of  the  fractions  with  elastase  iso- 
zymes. 

Overall,  the  foregoing  studies  suggest  sev- 
eral conclusions.  The  first  is  that  during  the 
maturation  process  of  leucocytes,  there  are 
not  only  morphological  changes  in  the  cells 
but  also  biochemical-functional  changes  in 
their  enzymatic  contents.  Elastase  isozymes 
are  stored  in  the  azurophil  granules  of  neu- 
trophil leucocytes  (6)  and  these  azurophil 
granules  appear,  morphologically,  in  the 
promyelocyte  stage  of  development  (18). 
Yet,  in  our  experience,  active  elastase  iso- 


TABLE  I.    DlFFEKEKTlAL  COCNT  OF  BONE  MaMMOW 

Leucocyib  Peefaeattons.*  


Fig.  4.  Double  immunodiffusion  between  rabbit 
antiserum  to  leucocyte  elastase  and  SE.  Center  well,  8 
fi\  of  antiserum;  well  1,  3.0  /xg  of  elastase  isozymes; 
well  2,  20  /Liil  of  acrylamide  gel  extract  containing  SE; 
well  3,  20  /Ltl  of  Amicon  filtrate  (see  Methods).  The 
pattern  was  amplified  by  secondary  diffusion  against 
goat  antirabbit  immunoglobulin  antiserum.  For  expla> 
nation  of  arrows,  see  text.  (Note  that  the  hexagonal- 
shaped  zone  of  precipitation  surrounding  the  center 
well  is  an  artifact  of  the  amplification  procedure,  which 
occurred  despite  extensive  washing  of  the  agarose  prior 
to  its  treatment  with  the  goat  antiserum.) 


Percentage  of  total  ceUs 

Centype 

MaiTO«'  1 

Marrow  2 

Blasts 

3.5 

0.5 

Promyelocytes 

0.5 

0.5 

Myelocytes 

8.5 

12.0 

Metamyelocytes 

34.5 

24.5 

Total  Immature 

47.0 

37.5 

Bands 

21.0 

13.0 

Polymorphs 

22.5 

39.5 

Toul  Mature 

43.5 

52.5 

Eosinophils 

1.0 

0.5 

Lymphocyies 

6.5 

8.5 

Erythrocytes 

2.5 

1.5 

*  Cells  were  smeared,  stained,  and  counted  at  the 
final  stage  in  their  processing.  This  was  after  removal  of 
most  eryihroid  precursors  and  mature  red  cells  by  hy- 
potoniclysis.  and  of  platelets  by  differential  centrifuga- 
tion. 

zymes  could  not  be  demonstrated  function- 
ally in  marrow  leucocytes,  the  preponderant 
majority  of  which  were  beyond  the  promye- 
locyte stage  of  their  maturation  process  (see 
Table  I).  Morphologically  mature  leuco- 
cytes made  up  about  50%  of  the  total.  Thus, 
despite  the  presence  of  a  significant  number 
of  morphologically  mature  cells,  enzymatic 
maturity  was  apparently  still  lacking,  at  least 
in  the  case  of  the  elastase  isozymes.  We  had 
previously  noticed  that  extracts  of  preleu- 
kemic  and  leukemic  leucocyte  granules  were 
also  deficient  in  elastase  isozymes,  but  did 
contain  SE  activity. 

A  second  point  raised  by  our  results  is 
that  the  presence  of  SE  in  functionally  im- 
mature leucocytes,  which  do  not  yet  have 
active  elastase  isozymes,  suggests  that  SE 
may  be  a  precursor  or  zymogen  form  of 
these  enzymes.  The  observation  of  antigenic 
cross-reactivity  between  SE  and  the  elastase 
isozymes  of  mature  cells  is  consistent  with 
the  above  interpretation.  The  fact  that  SE  is 
Triton-activatable  suggests  that  it  may  be  an 
aggregated  precursor  form  of  the  isozymes, 
and  its  slow  migration  into  13%  acrylamide 
gels  also  supports  this  view.  Several  trials 
with  elastin-containing  acrylamide  gels,  pre- 
pared as  described  by  Taylor  and  Crawford 
(9),  failed  to  reveal  lytic  activity  of  SE 
against  bovine  ligament  elastin;  whereas  in 
this  test  all  three  elastase  isozymes  were 
active.  SE  has  the  specificity  required  to 
attack  elastin,  since  it  hydrolyses  Ac-L-Ala- 
L-Ala-L-Ala-1-ONap,  a  highly  specific  elas- 
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tase  synthetic  substrate  (unpublished  obser- 
vations of  the  present  authors  and  (5)). 
However,  an  aggregated  form  of  the  en- 
zymes might  be  sterically  prevented  from 
interacting  with  macromolecular  substrates 
like  elastin,  while  still  being  able  to  attack 
low  MW  substrates.  On  the  other  hand,  the 
relative  resistance  of  SE  to  low  MW  chloro- 
methyl  ketone  inactivators  is  difficult  to  in- 
terpret. Many  questions  remain  concerning 
the  properties  and  function  of  SE  in  human 
neutrophil  leucocytes,  and  further  study  will 
be  required  to  resolve  them. 

Summary,  Granules  of  human  peripheral 
blood  leucocytes  contain  four  well-charac- 
terized elastase  isozymes  and  one  or  two 
slow-moving  elastaselike  esterases  (SE) 
which  have  not  been  as  well  characterized. 
SE  are  capable  of  hydrolyzing  typical  elas- 
tase synthetic  substrates  such  as  N-acetyl- 
DL-alanine-a-naphthyl  ester  (Ac-DL-Ala-1- 
ONap)  and  N-r-butyloxycarbonyl-L-alanine- 
p-nitrophenyl  ester  (Boc-Ala-ONp),  but  un- 
like the  highly  basic  elastase  isozymes,  SE 
barely  migrate  into  13%  acrylamide  gels 
during  cationic  electrophoresis  at  pH  4.3. 
Hydrolysis  of  Ac-DL-Ala-1-ONap  by  SE  re- 
quires the  presence  of  Triton  in  the  gel,  and 
hydrolysis  of  Boc-Ala-ONp  by  the  same 
enzyme(s)  is  also  enhanced  in  the  presence 
of  the  detergent.  Triton  is  not  required 
for  these  activities,  in  the  case  of  the  elas- 
tase isozymes.  Diisopropylfluorophosphate 
(Dip-F)  inactivates  both  SE  and  the  elas- 
tase isozymes,  whereas  Ac-(Ala)2-Pro- 
AlaCH2Cl  (a  powerful  inactivator  of  the 
leucocyte  elastase  isozymes  at  10~^  M  con- 
centration) does  not  inactivate  SE  at  the 
same  concentration.  Immunochemical  stud- 
ies revealed  antigenic  cross-reaction  be- 
tween the  rapidly  migrating  leucocyte  elas- 
tase isozymes  and  SE.  Two  preparations  of 
leucocyte  granules  from  nonleukemic  bone 
marrow  cells  showed  no  activity  of  the  rap- 
idly migrating  elastase  isozymes,  but  did 
contain  SE  activity.  SE  may  be  a  precursor 
or  zymogen  form  of  the  elastase  isozymes, 
present  in  immature  cells  and  partly  re- 
tained through  later  stages  of  development. 
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Reticuloendothelial  system  (R.E.S.) 
phagocytic  failure  has  been  implicated  as  an 
important  event  in  the  pathogenesis  of  irre- 
versibility following  various  forms  of  experi- 
mental shock.  The  role  of  the  R.E.S.  in 
shock  survival  is  based  primarily  on  four 
lines  of  evidence:  (a)  R.E.S.  function  dete- 
riorates during  shock  (1-5);  (b)  survival  fol- 
lowing shock  has  been  directly  related  to  the 
degree  of  postshock  R.E.S.  recovery  (2,  4); 
(c)  survival  is  reduced  when  R.E.S.  phago- 
cytic activity  is  depressed  prior  to  shock  (1 , 
4,5);  (d)  survival  is  increased  when  R.E.S. 
phagocytic  activity  is  stimulated  prior  to 
shock  (1,4,5).  While  the  exact  mechanism 
by  which  the  R.E.S.  exerts  this  protective 
defense  role  is  not  known,  emphasis  has 
been  placed  on  the  ability  of  the  R.E.S.  to 
remove  and  prevent  the  accumulation  of 
particulate  and  toxic  material  in  the  circula- 
tion. Such  potentially  deleterious  agents  ap- 
pear to  include  microthrombi,  bacteria, 
endotoxin,  damaged  platelets,  and  lysoso- 
mal enzymes  (5-10).  Thus,  it  has  been  pos- 
tulated that  there  is  a  failure  in  the  mecha- 
nisms which  clear  toxic  material  from  the 
blood  during  shock  at  a  time  when  the  elab- 
oration of  such  material  is  greatly  acceler- 
ated. 

The  present  study  was  carried  out  to  eval- 
uate this  concept  by  determining  if  a  rela- 
tionship exists  between  the  plasma  accumu- 
lation of  one  of  these  potentially  toxic 
agents,  i.e.,  lysosomal  enzymes,  and  hepatic 
Kupffer  cell  phagocytic  capacity  following 
traumatic  shock. 

Methods.  Male  Sprague-Dawley  rats 
(200-300  g)  anesthetized  with  sodium  pen- 
tobarbital (20  mg/kg)  were  subjected  to  No- 
ble-Collip  drum  trauma  (11)  at  40  rpm. 

'  Supported  by  USPHS  Grant  Nos.  GM-21447  and 
HL-18051 .  The  authors  acknowledge  the  fine  technical 
assistance  of  Thomas  Chesnut.  M.S. 

*  John  E.  Kaplan  is  a  Ph.D.  trainee  in  the  Depart- 
ment of  Physiology,  Albany  Medical  College,  Albany, 
New  York. 


This  trauma  model  allows  the  application  of 
a  highly  standardized  insult.  On  the  basis  of 
24-hr  survival  it  was  determined  that  300 
revolutions  (rev)  resulted  in  less  than  5% 
mortality  (defined  as  sublethal),  while  500 
and  700  rev  resulted  in  approx  50  and  95% 
mortality,  respectively. 

The  test  colloid  employed  to  evaluate  in 
vivo  hepatic  Kupffer  cell  clearance  capacity 
was  the  gelatinized  *^*I-'*R.E.-test-lipid 
emulsion"  as  previously  described  (12).  The 
emulsion  was  injected  iv  in  both  normal  and 
post-trauma  rats  at  a  dose  of  50  mg/100  g 
and  hepatic  Kupffer  cell  uptake  evaluated 
15  min  following  injection.  The  liver  was 
rapidly  excised  and  rinsed  in  chilled  isotonic 
saline.  The  total  organ  was  weighed  and 
random  aliquots  removed  for  quantification 
of  '^*I  colloid  activity  as  previously  de- 
scribed (12).  Results  were  expressed  as  mil- 
ligrams of  test  colloid  phagocytized  per 
gram  (mg/g)  and  per  total  organ  (mg/TO). 

Plasma  levels  of  the  lysosomal  enzymes, 
cathepsin,  and  acid  phosphatase,  were  de- 
termined using  the  methods  described  by 
Gianetto  and  DeDuve  (13)  and  Smith  and 
Filkins  (14),  respectively.  For  cathepsin  de- 
terminations a  2%  solution  of  denatured 
hemoglobin  was  used  as  the  substrate  and 
the  reaction  was  carried  out  at  pH  3.6.  The 
aromatic  degradation  products  were  meas- 
ured by  the  Lx)wry  protein  method  using  a 
tyrosine  standard.  The  acid  phosphatase  as- 
say was  carried  out  at  pH  5 .0  with  determi- 
nation of  the  amount  of  inorganic  phospho- 
rus removed  from  the  beta-glycerophos- 
phate  substrate. 

Quantification  of  radioactivity  was 
achieved  with  a  Searle  Analytic  deep  well 
autogamma  scintillation  counter.  All  sam- 
ples were  counted  in  duplicate  with  inde- 
pendent isotopic  standards  prepared  for 
each  experiment.  Data  were  analyzed  with  a 
PDP/12  digital  computer  by  the  unpaired 
Student's  /  test  placing  the  confidence  level 
at  95%.  Determination  of  correlation  coef- 
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,  and  line  placement  by  the  method 
t  squares  was  also  done  with  com- 
issistance.  Data  are  presented  as 
±  standard  error. 

!ts.  The  temporal  changes  in  plasma 
iin  and  acid  phosphatase  levels  after 
al  trauma  (300  rev)  is  presented  in 

Both  enzymes  followed  similar  pat- 
f  change  with  an  initial  increase  at 
and  a  return  to  control  levels  by  24 

trauma.  Plasma  cathepsin  reached  a 
xm  level  equivalent  to  144%  of  con- 
\  hr  while  a  maximum  59%  elevation 

phosphatase  was  observed  at  1  hr 
auma. 

na  levels  of  cathepsin  and  acid  phos- 
I  at  60-min  post-trauma  increased 
sively  with  increments  in  trauma  in- 
(Fig.  2).  Plasma  cathepsin  showed  a 
atively    greater   increase    following 

than  acid  phosphatase.  Thus,  1  hr 
00  rev  (LD50)  cathepsin  increased 
while   acid   phosphatase   increased 
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1.  Temporal  alterations  in  plasma  cathepsin 
phosphatase  following  sublethal  trauma  (300 

ta  are  expressed  as  the  mean  ±  standard  error 
number  of  animals  indicated  in  parentheses. 
(*)  indicates  significant  (P  <  0.05)  difference 

ttrauma  control  levels. 
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INTENSITY    OF     TRAUMA  irev) 

Fig.  2.  Temporal  alteration  in  plasma  cathepsin 
and  acid  phosphatase  at  60-min  post-trauma  with  var- 
ious intensities  of  trauma  (100-500  rev).  Data  are 
expressed  as  mean  ±  standard  error  with  the  number  of 
animals  indicated  in  parentheses.  Asterisk  (*)  indicates 
significant  (P  <  0.05)  difference  from  pretrauma  con- 
trol levels. 

92%.  The  difference  in  the  magnitude  of 
change  of  these  two  enzymes  is  consistent 
with  previous  findings  during  hemorrhagic 
hypotension  in  the  dog  (9).  In  an  attempt  to 
correlate  these  enzyme  alterations  with  the 
functional  state  of  the  hepatic  Kupffer  cell 
clearance  mechanism,  the  functional  state  of 
the  hepatic  R.E.S.  was  evaluated  over  a 
similar  time  course. 

Hepatic  phagocytosis  after  sublethal 
trauma  showed  a  maximum  depression  at  1 
hr  with  recovery  to  pretrauma  levels  by  24 
hr  (Table  I).  With  increasing  trauma  inten- 
sity there  was  a  progressive  decrease  in  he- 
patic phagocytosis  60-min  post-trauma  on 
both  a  per  gram  and  total  organ  basis  (Table 
I).  Previous  evaluation  of  other  R.E.  or- 
gans (spleen,  bone  marrow,  and  lung)  dur- 
ing a  period  of  Kupffer  cell  depression  re- 
vealed increases  of  colloid  localization  in 
these  extrahepatic  sites  as  the  half-time  for 
colloid  clearance  from  the  circulation  in- 
creased (12,  15-18). 
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TABLE  I.  Hepatic  Kupffer  Cell  Phagocytic  Acnvmr  following  Traumatic  Shock  as  a  Function  of 
Post-Traumatic  Interval  and  Degree  of  Injury."* 


Kupffer  cell 

phagocytosis^ 

NiiiTiKpr  c%f     — 

animals 

mg/g 

%C 

mg/TO 

%C 

Post-Trauma  interval 

Pretrauma  controls 

7 

3.35  ±  0.19 

100 

46.39  ±  3.37 

100 

0.5  hr 

7 

1.89  ±  0.21" 

56 

27.17  ±  3.43" 

59 

1  hr 

6 

1 .49  ±  O.OT- 

45 

20.26  ±  0.83" 

44 

3hr 

7 

1.77  ±0.12- 

53 

24.54  ±  2.33" 

53 

6hr 

4 

2.19  ±  0.30* 

65 

28.01  ±  3.71" 

60 

24  hr 

8 

3.40  ±  0.22 

102 

43.87  ±  2.40 

95 

Trauma  intensity 

Pretrauma  controls 

5 

4.69  ±  0.18 

100 

57.72  ±  7.64 

100 

100  rev 

5 

3.67  ±  0.50 

78 

41.68  ±  6.14 

72 

200  rev 

5 

4.30  ±  0.46 

92 

53.64  ±  7.13 

93 

300  rev 

5 

2.90  ±  0.53" 

62 

30.35  ±  4.96" 

53 

400  rev 

5 

2.97  ±  0.31" 

63 

40.89  ±  4.56" 

71 

500  rev 

5 

2.32  ±  0.17" 

50 

27.82  ±  4.01" 

48 

"  In  the  time  course  study  (0-24  hr),  rats  were  subjected  to  300  rev  of  NCD  trauma  and  evaluated  with  a  50  mg/ 
100  g  test  dose  of  the  colloid  at  times  indicated. 

*  In  the  trauma  intensity  series  (0-500  rev),  rats  were  evaluated  at  60-min  post-trauma  with  the  test  colloid. 

**  Data  is  presented  as  means  ±  SE  of  the  mean.  Values  are  presented  as  milligrams  test  emulsion  phagocytized 
per  gram  of  liver  (mg/g)  and  per  total  organ  (mg/TO)  on  a  wet  weight  basis.  %C  is  the  percentage  of  pretrauma 
control  values. 

"  Significantly  different  from  control  group  (P  <  0.05). 


Numerous  studies  have  indicated  that  in- 
creased plasma  lysosomal  enzyme  activity 
and  decreased  phagocytic  capacity  of  the 
R.E.S.  are  related  to  shock  severity  (1-5, 
8-10);  however,  a  direct  relationship  be- 
tween these  two  parameters  has  not  been 
previously  demonstrated.  Figure  3  docu- 
ments this  relationship  and  reveals  a  signifi- 
cant correlation  between  post-trauma  he- 
patic phagocytosis  and  the  plasma  levels  of 
both  cathepsin  (P  <  0.05,  r  =  -0.604)  and 
acid  phosphatase  (P  <  0.05,  r  =  -0.634). 
This  inverse  relationship  between  hepatic 
phagocytosis  and  plasma  lysosomal  enzyme 
levels  was  observed  with  the  time  course 
changes  after  sublethal  trauma  as  well  as 
with  the  changes  1  hour  after  various  inten- 
sities of  trauma. 

Discussion,  The  observed  changes  in  he- 
patic R.E.  function  following  trauma  are 
consistent  with  previous  data  which  demon- 
strated an  initial  fall  in  R.E.S.  function  fol- 
lowed by  a  recovery  or  even  hyperactivity 
within  24  hr  (2-4,  16,  17).  Similarly,  the 
changes  in  plasma  lysosomal  enzyme  levels 
observed  were  qualitatively  similar  to  pre- 
vious findings  (8-10).  The  present  study  ex- 
tends previous  investigations  in  terms  of 
quantifying  the  time  course  of  changes  fol- 


lowing traumatic  shock  while  further  docu- 
menting the  relationship  between  the  de- 
gree of  trauma  and  both  the  stability  of  the 
R.E.S.  as  well  as  the  plasma  lysosomal  en- 
zyme levels. 

There  are  at  least  four  possible  interpreta- 
tions of  the  present  observation  of  the  corre- 
lation of  plasma  lysosomal  enzyme  levels 
with  R.E.S.  function  after  trauma.  These 
include:  (a)  Kupffer  cell  function  decreases 
and  plasma  lysosomal  enzyme  levels  in- 
crease independently  as  a  function  of  the 
degree  of  tissue  injury  with  no  cause  and 
effect  relationship;  (b)  lysosomal  enzymes 
are  cleared  from  the  blood  by  the  R.E.S., 
and  Kupffer  cell  clearance  depression  allows 
enzyme  accumulation  in  the  blood  following 
trauma;  (c)  high  plasma  lysosomal  enzyme 
levels  in  the  post-trauma  state  depress 
R.E.S.  phagocytic  function;  (d)  enzymes  re- 
leased into  the  plasma  following  trauma  are 
released  primarily  from  injured  R.E.  cells 
and  thus  reflect  the  stability  of  this  cellular 
system. 

The  possible  clearance  of  lysosomal  en- 
zymes by  the  R.E.S.  is  supported  by  the 
finding  that  exclusion  of  the  liver  from  the 
circulation  via  a  porta-caval  shunt  prepara- 
tion results  in  a  greatly  prolonged  retention 
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Fig.  3.  Correlation  between  hepatic  Kupffer  cell 
phagocytosis  and  plasma  cathepsin  (upper)  and  plasma 
acid  phosphatase  (lower)  after  trauma.  Plotted  values 
are  means  of  data  obtained  at  various  times  (V2-24 
hr)  after  sublethal  trauma  (300  rev)  and  1  hr  after 
various  levels  of  trauma  (100-500  rev). 

of  lysosomal  enzymes  in  the  blood  (19,  20). 
Depression  of  R.E.S.  function  may  there- 
fore result  in  a  greater  accumulation  of 
these  hydrolase  enzymes  in  the  plasma  as  a 
result  of  decreased  clearance.  Trauma  may 
induce  alterations  in  the  splanchnic  micro- 
circulation (21,  22)  which  could  result  in: 
(a)  R.E.S.  failure  by  limiting  delivery  of 
particulate  material  to  phagocytic  cells;  (b) 
ischemic  injury  of  hepatic  Kupffer  cells;  and 
(c)  release  of  lysosomal  enzymes  from  is- 
chemic splanchnic  tissue.  Additionally,  high 
circulating  lysosomal  enzyme  levels  have 
been  shown  to  decrease  splanchnic  blood 
flow  (19). 

R.E.  function  and  lysosomal  enzyme  lev- 
els may  change  independently  of  each  other 
or  in  a  related  manner  as  a  result  of  tissue 
injury.  Lysosomal  hydrolases  may  be  re- 


leased as  a  direct  consequence  of  cellular 
injury  while  R.E.  depression  may  result 
from  opsonin  depletion  (17,  18).  Alterna- 
tively, since  lysosomal  enzymes  are  released 
from  macrophages  during  phagocytosis 
(23),  and  since  R.E.  depression  is  observed 
following  phagocytosis  (12)  these  phenome- 
non may  occur  secondarily  to  an  accumula- 
tion of  phagocytizable  debris  subsequent  to 
trauma.  While  R.E.  cells  do  contain  a  high 
concentration  of  lysosomal  enzymes  (24), 
the  magnitude  of  the  enzyme  release  cou- 
pled with  the  size  of  the  R.E.  cell  popula- 
tion cast  doubt  that  all  the  enzyme  activity  is 
released  from  ischemic  or  injured  R.E. 
cells.  Indeed,  the  flux  of  such  enzymes  from 
the  intestine  and  pancreas,  organs  with  min- 
imal R.E.  activity,  would  further  negate  this 
possibility  (25).  Lysosomal  hydrolases  may 
be  released  from  injured  R.E.  cells,  but 
histological  evidence  indicates  that  Kupffer 
cell  damage  is  only  present  with  irreversible 
shock  (1). 

Thus,  the  present  study  has  shown  that 
there  is  a  correlation  between  hepatic  Kupf- 
fer cell  function  and  the  accumulation  of 
lysosomal  enzymes  in  the  circulation  follow- 
ing traumatic  injury.  Since  previous  studies 
have  demonstrated  that  R.E.S.  function 
correlates  well  with  shock  survival  (2,  4), 
the  observed  relationship  between  circulat- 
ing lysosomal  enzyme  levels  and  R.E.S. 
function  warrants  further  investigation. 

Summary.  Plasma  lysosomal  enzyme  lev- 
els and  hepatic  phagocytosis  were  deter- 
mined following  Noble-Collip  drum  trauma 
in  the  rat.  Circulating  cathepsin  and  acid 
phosphatase  activity  increased  after  suble- 
thal trauma  (300  rev),  reaching  maximal 
levels  at  1-3  hr  and  returning  to  pre  trauma 
levels  at  24  hr  after  trauma.  Hepatic  phago- 
cytosis was  decreased  maximally  at  1  hr  and 
recovered  to  control  levels  at  24  hr  after 
sublethal  trauma.  Increasing  trauma  inten- 
sity (100-500  rev)  resulted  in  a  progressive 
failure  in  hepatic  Kupffer  cell  phagocytosis 
and  a  progressive  increase  in  plasma  lysoso- 
mal enzyme  levels  when  tested  at  60-min 
post-trauma.  A  significant  inverse  correla- 
tion was  found  between  the  plasma  lysoso- 
mal enzyme  levels  and  Kupffer  cell  phago- 
cytosis after  trauma.  The  functional  signifl- 
cance  of  the  relationship  between  these  two 
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parameters  and  its  importance  in  shock  sur- 
vival remain  to  be  determined. 
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previous  experiments  (1)  it  was  shown 
lucagon,  epinephrine,  cAMP,  and  dB- 
i*  were  all  able  to  increase  the  incorpo- 
[  of  orthophosphate  to  the  isolated  per- 
fed  rat  liver.  This  phenomenon  may 
in,  in  part,  the  well-known  hypophos- 
mic  effect  exhibited  by  these  glycogen- 
factors  (2-6).  The  functional  meaning 
;  increased  orthophosphate  incorpora- 
3  the  liver  has  not  been  clarified  yet.  It 
^en  postulated  that  such  incorporation 
be  related  to  an  increment  of  phos- 
requirements  during  glycogenolysis 
n  the  other  hand,  in  the  last  few  years 
il  investigators  have  pointed  out  that 
jon  and  cAMP  may  activate  protein 
»horylations  in  the  liver  (7-12),  and 
ffect  could  also  have  some  relationship 
he  above  mentioned  phenomenon. 
r  previous  experiments  (1)  were  per- 
d  in  fed  rat  livers  in  which  a  clear 
ise  in  spontaneous  or  glucagon-in- 
1  glycogenolysis  was  evidenced;  there- 
it  was  considered  of  interest  to  study 
•feet  of  glucagon  in  two  experimental 
tions  which  inhibit  glycogenolysis 
gh  different  mechanisms:  fasting  and 
1  administration. 

terial  and  methods,  Male  Sprague- 
ly  rats  (300-350  g  body  weight)  bred 
r  Institute  were  used  in  the  experi- 
.  Livers  were  perfused  by  means  of  a 
)usly  described  technique  (1,13)  using 
of  perfusate  which  consisted  of  Krebs- 
r-bicarbonate  containing  3  g/100  ml 
ane  serum  albumin  (Armour  Fraction 
)  mg/100  ml  of  glucose,  1 .7  mg/100  ml 
ffered  sodium  orthophosphate,  and 
:  vol  %  of  washed  rat  erythrocytes. 
rin  (500  U)  was  added  at  the  begin- 
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ning  of  the  experiments.  The  perfusate  was 
equilibrated  with  a  95%  02-5%  CO2  gas 
mixture,  which  was  also  used  in  the  oxygen- 
ator. pH  was  adjusted  to  7.40  and  the  tem- 
perature was  kept  at  37®.  Gross  and  ultrami- 
croscopic  observation  as  well  as  adequate 
bile  flow  were  indicative  of  good  liver  pres- 
ervation. 

After  15-min  perfusion,  70  ^tCi  of  high- 
activity  [^2P]orthophosphoric  acid  (Amer- 
sham/Searle,  PBS- 1200  mCi/mmol)  was 
added  to  the  perfusate  (0  time).  Thereafter 
samples  were  withdrawn  every  15  min,  up 
to  120  min,  and  collected  in  ice-chilled  test 
tubes.  The  radioactivity  of  the  samples  was 
determined  in  duplicate  0.1-ml  perfusate  al- 
iquots  plated  in  plastic  cups  and  counted  up 
to  10,000  in  a  Nuclear  Chicago  gas  flow 
counter.  The  number  of  counts  registered  in 
the  45-min  samples  was  taken  as  100%  for 
the  expression  of  the  total  radioactivity  of 
the  subsequent  samples.  The  percentage  of 
^^P  incorporated  into  the  liver  was  estimated 
by  substraction  and  expressed  per  10  g  of 
fresh  tissue. 

Perfusate  glucose  concentrations  were  de- 
termined in  duplicate  by  a  commercial  glu- 
coxidase  procedure  (Glucostat,  Worthing- 
ton).  The  figures  were  corrected  for  changes 
found  in  blank  experiments  performed  in 
absence  of  the  liver.  Results  were  expressed 
in  term  of  differences  from  45-min  values, 
mg/100  ml/10  g  of  fresh  liver. 

Perfusate  plasma  Pi  was  determined  in 
duplicate  with  the  method  of  Martin  and 
Doty  (14).  Figures  were  corrected  for  blank 
values  and  expressed  in  terms  of  differences 
with  respect  to  the  45-min  values  (mg/100 
ml).  In  the  absence  of  the  liver  there  is  some 
decrease  of  perfusate  plasma  Pi  due  to  in- 
corporation to  red  cells;  the  differences 
against  the  45-min  values  were:  at  60  min, 
-0.12  ±  0.14;  at  75  min,  -0.28  ±  0.09;  at 
90  min,  -0.41  ±  0.15;  and  at  120  min, 
-0.41  ±  0.17  {N  =  12). 
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The  radioactivity  of  the  final  colored  solu- 
tions obtained  after  the  Pi  determinations 
were  measured  in  order  to  estimate  the  spe- 
cific activities  of  the  samples.  For  this  pur- 
pose, O.S-ml  aliquots  were  plated  in  plastic 
cups  and  counted  to  10,000  counts  in  a 
Nuclear  Chicago  gas  flow  counter.  The  spe- 
cific activities  were  expressed  in  counts  per 
milligram  of  Pi.  The  specific  activity  ob- 
tained at  45  min  was  taken  as  100%,  and 
the  changes  of  the  following  samples  were 
calculated  as  the  percentage  of  this  figure. 

The  pH  was  determined  at  0,  60,  and  120 
min;  some  degree  of  alkalinization  was  ob- 
served at  0  min,  but  thereafter  it  was  main- 
tained close  to  7.40. 

Fasted  animals  were  deprived  of  food 
during  the  24  hr  preceding  the  experiments. 
Fed  animals  had  free  access  to  food  up  to  the 
time  of  the  experiments.  Water  was  ad  libi- 
tum in  both  experimental  groups.  Glucagon, 
when  administered,  was  used  at  the  dose  of 
2  /Lig  and  was  infused  continuously  to  the 
perfusate  from  45  to  90  min. 

Experiments  on  the  effect  of  insulin  were 
carried  out  on  fed  rat  livers  and  the  hor- 
mone (250  or  500  mU)  was  continuously 
infused  to  the  perfusate  from  0  to  90  min. 
Glucagon  was  used  as  previously  described 
for  the  fasting  experiments.  Insulin-free  glu- 
cagon, generously  provided  by  Ely  Lilly 
Co.,  was  dissolved  in  a  0.2  M  glycine- 
NaOH  buffer,  pH  9,  containing  1  g/ 100  ml 
of  bovine  serum  albumin;  working  solutions 
were  prepared  in  saline  containing  1  g/100 
ml  of  bovine  serum  albumin.  Glucagon-free 
insulin,  also  furnished  as  a  gift  by  Ely  Lilly 
Co.  as  a  40  U/ml  solution,  was  dissolved  in 
saline  containing  0.1  g  of  bovine  serum  al- 
bumin, pH  3.5.  The  selected  doses  of  both 
hormones  were  made  up  in  1-ml  vol,  and 
the  same  amount  of  saline  was  injected  in 
the  control  experiments.  The  solutions  were 
introduced  in  the  overflow  tube  of  the  per- 
fusion apparatus  in  order  to  allow  for  mix- 
ture with  the  bulk  of  the  perfusate  before 
reaching  the  liver. 

The  Student's  /  test  was  used  to  appraise 
the  statistical  significance  of  the  resuUs,  and 
P  =  0.05  was  taken  as  the  limit  of  signifi- 
cance . 

Results,  The  effect  of  fasting  on  the  stud- 
ied parameters  is  shown  in  Fig.  1 .  It  is  inter- 
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Fig.  1.  Effect  of  glucagon  (2  /ng)  on  ("PJortho- 
phosphate  incorporation  into  the  isolated  perfused 
rat  liver,  perfusate  plasma  inorganic  orthophosphate. 
relative  specific  activity  of  the  same,  and  glucose  re- 
lease from  the  organ.  Glucagon  was  continuously 
infused  into  the  perfusate  for  45  min  beginning  at 
45  min.  Comparison  between  livers  from  24-hr  fasted 
rats  and  ad  libitum  fed  rats. 

Statistically  significant  differences:  *,  Glucagon-fed 
rat  livers  vs  control  fed  rat  livers;  O,  control  fed  rat 
livers  vs  control  fasted  rat  livers;  D.  glucagon-fed  rat 
livers  vs  glucagon-fasted  rat  livers. 

esting,  in  the  first  place,  to  compare  control 
fasted  rat  livers  with  control  fed  rat  livers;  it 
can  be  seen  that  the  spontaneous  glucose 
and  orthophosphate  liberation  which  took 
place  from  fed  rat  livers  did  not  occur  in  the 
fasted  rat  livers.  With  respect  to  the  effect  of 
glucagon,  it  can  be  observed  that  in  the 
fasted  rat  livers  no  significative  liberation  of 
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glucose  or  orthophosphate  incorporation 
takes  place  under  the  action  of  the  hor- 
mone. 

Figures  2  and  3  show  the  effect  of  insulin 
and  of  glucagon  plus  insulin.  Figure  2  per- 
tains to  the  250-mU  insulin  dose:  as  is  well 
known,  insulin,  if  given  since  the  beginning 
of  the  perfusion  reduces  the  glucose  output 
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Fig.  2.  Effect  of  insulin  (250  mU),  continuously 
infused  from  0  to  90  min,  glucagon  (2  fig)  continuously 
infused  from  45  to  90  min,  and  both  types  of  treat- 
ments administered  simultaneously  to  perfusate,  on 
fPlorthopbosphate  incorporation  into  the  isolated 
perfused  rat  liver,  perfusate  plasma  inorganic  ortho- 
phosphate,  relative  specific  activity  of  the  same,  and 
glucose  release  from  the  organ. 

Statistically  significant  differences:  *,  Glucagon  vs 
control;  O,  insulin  vs  control;  D,  glucagon  +  insulin  vs 
control;  '#,  glucagon  vs  glucagon  +  insulin. 


Fig.  3.  Effect  of  insulin  (500  mU)  continuously 
infused  from  0  to  90  min,  glucagon  (2  fig)  continuously 
infused  from  45  to  90  min,  and  both  types  of  treat- 
ments administered  simultaneously  to  perfusate,  on 
[^Pjorthophosphate  incorporation  into  the  isolated 
perfused  rat  liver,  perfusate  plasma  inorganic  ortho- 
phosphate,  relative  specific  activity  of  the  same,  and 
glucose  release  from  the  organ. 

Statistically  significant  differences:  *,  Glucagon  vs 
control;  O,  insulin  vs  control.  D,  glucagon  +  insulin  vs 
control;  if  glucagon  vs  glucagon  +  insulin. 

(IS,  16);  it  also  inhibits  the  spontaneous 
orthophosphate  efflux  (16,  17).  The  effect 
of  glucagon  on  glucose  liberation  is  also  re- 
duced by  insulin  (16,  18);  however,  it  is 
possible  to  observe  that  glucagon-induced 
orthophosphate  incorporation  to  the  liver  is 
not  inhibited  by  insulin.  No  significant  dif- 
ference was  registered  among  the  groups  in 
relation  to  Pi  specific  activities.  Figure  3 
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refers  to  the  500-mU  dose  of  insulin.  The 
results  are  similar  to  the  ones  described  with 
the  250-mU  dose,  but  the  changes  observed 
are  more  evident. 

Discussion,  It  is  well  known  that  the  re- 
duction of  the  liver  glycogen  stores,  deter- 
mined by  fasting  in  the  absence  of  gluconeo- 
genic substrates,  inhibits  the  spontaneous  or 
glucagon-induced  glucose  release  from  the 
perfused  rat  liver.  The  spontaneous  glucose 
liberation  that  takes  place  from  the  fed  per- 
fused liver  has  been  attributed  to  anoxia, 
surgical  manipulations  (19),  and  sympa- 
thetic discharges  originated  by  surgery  (20). 
However,  it  could  also  be  possible  that  insu- 
lin lack  may  play  some  role,  since  the  phe- 
nomenon may  be  inhibited  by  the  adminis- 
tration of  this  hormone  (15,  16)  and  is  in- 
creased by  the  administration  of  anti-insulin 
serum  (16).  The  mechanism  of  the  sponta- 
neous orthophosphate  release  is  not  known, 
but  the  work  of  Jefferson  et  al.  (16)  and  our 
own  experiments  (17)  have  shown  that  it 
can  be  inhibited  by  insulin  administration. 
A  similar  situation  has  been  mentioned  in 
connection  with  the  perfused  rat  heart  (21, 
22).  It  is  interesting  that  fasted  rat  perfused 
livers  do  not  show  a  significant  spontaneous 
orthophosphate  release  into  the  perfusate. 
The  facts  that  in  the  fed  rat  perfused  liver 
there  is  a  concomitant  output  of  glucose  and 
orthophosphate  and  that  both  phenomena 
may  be  inhibited  by  insulin  administration 
suggest  the  possibility  that  both  effects  may 
be  functionally  related.  In  the  fed  rat  per- 
fused liver,  however,  glucagon  induces  gly- 
cogenolysis  and  more  glucose  is  released, 
while,  at  the  same  time,  orthophosphate  is 
incorporated  into  the  organ.  In  the  fasted 
rat  perfused  liver,  both  phenomena  are  in- 
hibited. Hence,  regarding  orthophosphate 
exchange,  in  the  fed  perfused  rat  liver, 
spontaneous  glycogenolysis  is  accompanied 
by  orthophosphate  release,  and  glucagon- 
induced  glycogenolysis  is  accompanied  by 
orthophosphate  incorporation.  This  discrep- 
ancy could  be  explained  by  differences  in 
the  action  oiin  situ  liberated  catecholamines 
and  glucagon;  however,  it  should  be  men- 
tioned in  this  regard,  that  in  previous  exper- 
iments (1),  we  have  shown  that  at  least  one 
of  the  catecholamines,  epinephrine,  is  also 
able  to  induce  orthophosphate  incorpora- 
tion into  the  perfused  fed  rat  liver.  It  could 


be  possible  that  the  main  factor  in  sponta- 
neous glucose  and  orthophosphate  libera- 
tion from  fed  rat  liver  is  the  lack  of  insulin, 
since  this  hormone  acts  on  the  orthophos- 
phate liver  exchange  producing  retention  of 
the  anion  (1);  however,  this  mechanism  is 
not  easily  understandable  in  terms  of  cAMP 
levels  regulated  by  the  glucagon-insulin  in- 
terplay. 

In  the  experiments  on  insulin-inhibition 
of  the  glucagon-induced  glucose  release,  the 
incorporation  of  orthophosphate  to  the  liver 
was  not  affected,  a  result  which  dissociates 
both  phenomena  and  also  suggests  a  differ- 
ent mechanism  of  regulation.  The  inhibition 
of  glucose  liberation  falls  in  the  above  men- 
tioned interplay,  but  the  same  cannot  be 
said  for  orthophosphate  incorporation.  A 
similar  situation  has  been  mentioned  in  con- 
nection with  other  glucagon  actions  (23, 
24).  Effects  of  insulin,  independent  of  the 
cAMP  levels,  have  been  also  detected  (23, 
25). 

More  experimental  work  is  required  to 
further  our  understanding  of  the  regulation 
of  liver  orthophosphate  exchange  in  connec- 
tion with  the  action  of  glucagon  and  insulin. 
Studies  in  course  in  our  laboratory  concern- 
ing the  role  of  modifiers  of  the  adenylate 
system  and  adrenergic  blockers,  may  pro- 
vide additional  information  on  this  matter. 

Summary.  Isolated  perfused  fed  rat  livers 
spontaneously  liberated  glucose  and  ortho- 
phosphate to  the  medium;  24-hr  fasted  rat 
livers  did  not  exhibit  these  phenomena.  In 
perfused  fed  rat  livers,  glucagon  (2  ^tg)  in- 
creased glucose  output  and  promoted  ortho- 
phosphate incorporation.  In  perfused  fed 
rat  livers,  insulin  (250  or  500  mU)  inhibited 
the  spontaneous  liberation  of  glucose  and 
orthophosphate.  Comparable  doses  of  insu- 
lin significantly  reduced  the  glucagon  (2 
/Ltg)-induced  increase  in  glucose  output  from 
perfused  fed  rat  liver,  but  did  not  affect 
orthophosphate  uptake  by  the  organ. 
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Simultaneous  measurements  of  O2  extrac- 
tion, and  hence  VO2  are  not  available  in 
the  literature  for  the  right  ventricle  working 
in  situ.  This  information  is  essential  for  com- 
putations of  tissue  pOt  gradients  in  right 
ventricle,  and  for  comparison  of  the  func- 
tion of  the  two  ventricles. 

Materials  and  methods.  Mongrel  dogs 
were  anesthetized  with  Na  pentobarbital,  60 
mg/kg  body  weight.  They  were  ventilated  at 
a  rate  which  maintained  PaCOi  and  pHa 
within  normal  limits.  Because  of  large  VAI 
Q  inequalities  during  cardiac  manipulation 
in  open-chest  dogs,  it  was  necessary  to  use 
100%  O2  as  the  inspired  gas  to  insure  full 
saturation  of  hemoglobin.  From  250-500 
ml  of  dextran  were  given  to  compensate  for 
blood  loss  and  the  hemodynamic  effects  of 
thoracotomy.  The  right  ventricular  free  wall 
was  exposed,  and  a  catheter  was  inserted 
into  the  coronary  sinus  via  the  right  jugular 
vein.  The  catheter  tip  was  positioned  to 
sample  blood  from  the  posterior  aspect  of 
the  left  ventricle .  The  free  wall  of  the  right 
ventricle  is  drained  by  several  small  anterior 
cardiac  veins  (1).  One  of  these  was  punc- 
tured with  a  #24  needle  attached  to  a  flexi- 
ble polyvinyl  catheter.  Care  was  taken  to 
insure  that  the  vein  selected  was  well  re- 
moved from  the  interventricular  septum. 
Blood  was  drawn  simultaneously  from  the 
two  venous  catheters  into  oiled  glass  sy- 
ringes which  contained  dry  heparin.  Care 
was  taken  to  discard  blood  which  had  been 
in  contact  with  air  or  saline  in  the  dead 
space  of  the  catheters.  An  arterial  sample 
was  also  drawn  simultaneously,  or  immedi- 
ately after  venous  samples  were  collected. 
Hemoglobin  percentage  saturation  and 
blood  gases  were  measured  with  an  Instru- 
mentation Laboratories  system;  the  co-ox- 
imeter  was  calibrated  for  dog  blood.  Arte- 
rial pressure  was  monitored  on  an  oscillo- 


scope. It  remained  stable  and  within  normal 
limits  throughout. 

Residts  and  discussion.  Table  I  summa- 
rizes results  of  11  measurements  in  four 
dogs.  Replicates  for  each  dog  were  aver- 
aged, and  these  average  values  used  to  cal- 
culate means  and  standard  errors.  Extrac- 
tion was  about  2.5  vol%  higher  in  blood 
from  left  ventricle.  Note  that  the  difference 
in  extractions  is  about  the  same  over  a  2.5- 
fold  range  of  arterial  O2  content.  On  the 
other  hand,p02  was  about  6  mm  Hg  higher 
in  blood  draining  right  ventricle . 

In  man  (2)  and  dog  (1,  3)  blood  flow/100 
g  in  right  ventricle  is  about  60%  that  of  the 
left.  Combining  this  figure  with  the  ratio  of 
O2  extraction  in  right  and  left  ventricles 
from  Table  I: 

VO2/IOO  g  RV  -  0.6  0/100  g  LV  X 
[0.75 (Ca02  -  CvOjLv)!. 

Thus,  in  large  animals  VO2/IOO  g  of  right 
ventricle  is  40-50%  of  the  VO2/IOO  g  of  left 
ventricle.  Since  end-capillary  p02  is  higher 
in  right  ventricle,  and  right  ventricular  VOj 
is  lower,  one  would  expect  intracellular  pOs 
to  be  higher  in  right  ventricle.  However, 
according  to  Whalen  and  co-workers  (4), 
intracellular  PO2  is  the  same  in  the  two  ven- 
tricles. This  can  only  be  true  if  diffusion 
distances  are  larger  in  right  ventricle  than 
left.  This  appears  to  be  the  case  (5). 

To  our  knowledge  the  only  studies  of  O2 
extraction  of  right  ventricle  previous  to  ours 
have  been  made  during  cardiac  by-pass  (1, 
6).  They  therefore  do  not  pertain  to  the 
working  right  ventricle.  Moreover,  meas- 
urements on  by-pass  are  subject  to  criticism 
on  technical  grounds  for  right  ventricular 
venous  drainage  was  collected  from  the 
right  ventricular  cavity  (1,6).  Since  arterial 
as  well  as  venous  connections  with  the  lu- 
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TABLE  I.  O.  Extraction  by  Right  and  Left  Ventricles. 


Arterial  blood 

Anterior  cardiac  vein 

Coronary  sinus 

Average 

differences 

PaO, 

/»RV0, 

CkvO, 

Extrac- 

/*LV0, 

QvO, 

Extrac- 

RV-LV 

LV-RV  ex- 

Dog num- 

Sample 

Hb 

(nun 

CaO, 

(mm 

(Vol 

tion 

(mm 

(Vol 

tion 

PO,  (mm 

traction 

ber 

number 

(«%) 

Hg) 

(Vol%) 

pH. 

Hg) 

%) 

(Vol%) 

Hg) 

%) 

(Vol%) 

Hg) 

(Vol%) 

1 

7.2 

10.63 

7.47 

31.3 

_ 

_ 

22.7 

3.16 

7.47 

34.5 

5.97 

4.66 

23.7 

3.25 

7.38 

9.30 

2.62 

488 

31.2 

5.78 

4.85 

22.7 

3.25 

7.38 

2 

12.3 

16.84 

7.44 

26.3 

7.83 

9.01 

19.6 

5.17 

11.67 

450 

26.1 

_ 

_ 

20.6 

5.17 

11.67 

5.17 

2.32 

24.1 

6.99 

9.85 

20.8 

5.0 

11.84 

3 

14.3 

130 

18.98 

7.31 

37.0 

11.42 

7.56 

30.2 

8.52 

10.46 

14.2 

123 

18.96 

7.32 

37.5 

11.22 

7.74 

30.0 

8.52 

10.44 

6.87 

2.96 

14.4 

127 

18.81 

7.33 

36.5 

11.61 

7.20 

30.2 

8.33 

10.48 

4 

19.9 

313 

27.34 

7.38 

41.5 

19.51 

7.83 

34.3 

15.18 

12.16 

20.2 

292 

27.01 

7.37 

33.4 

14.91 

12.10 

33.3 

14.91 

12.10 

3.60 

2.16 

Mean 

13.5 

340 

18.40 

7.40 

33.07 

10.48 

7.92 

26.82 

7.31 

10.52 

6.25 

2.52 

±  SE 

1.22 
P  <  0.05 

0.18 
P  <  0.001 

men  exist  (1),  the  O2  content  of  blood  from 
the  lumen  may  be  erroneously  high.  Meas- 
urements during  by-pass  are  widely  used  to 
estimate  the  O2  cost  of  resting  metabolism, 
excitation,  and  internal  work.  We  therefore 
urge  that  right  ventricular  O2  extraction  dur- 
ing by-pass  be  reinvestigated  by  the  veni- 
puncture method  used  in  the  present  study. 
Summary.  O2  extraction  was  measured  si- 
multaneously in  right  and  left  ventricles  of 
dogs.  Extraction  was  about  2.5  vol%  higher 
in  left  ventricle.  This  figure,  together  with 
flow  measurements  of  others  (1-3),  indi- 
cates that  VO2/IOO  g  is  at  least  twice  as  great 
in  left  ventricle  as  in  right. 

We  thank  Mr.  James  L.  Frierson  for  expert  technical 
assistance.  This  research  was  supported  by  Grant  No. 
HL-03290.  from  the  U.S.  Public  Health  Service. 
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It  is  generally  accepted  that  luteal  mito- 
chondria contain  the  enzyme  complex  re- 
quired for  the  conversion  of  cholesterol  to 
pregnenolone  (1).  However,  it  has  not  been 
possible  to  determine  if  these  mitochondria 
also  contain  the  enzymes  required  for  pro- 
gesterone synthesis,  or  if  the  synthesis  re- 
ported by  other  investigators  (2-4)  was  due 
to  contamination  with  microsomal  enzymes. 
We  have  investigated  this  problem  using 
highly  purified  luteal  mitochondria  pre- 
pared by  isopycnic  zonal  centrifugation,  and 
we  have  demonstrated  that  these  organelles 
contain  the  enzymes  required  for  progester- 
one synthesis. 

Materials  and  methods.  Mitochondria 
were  prepared  from  bovine  corpora  lutea 
within  1  hr  after  slaughter.  The  tissue  was 
passed  through  a  cold  tissue  press  (Harvard 
Apparatus  Company)  and  then  homoge- 
nized in  0.25  M  sucrose,  pH  7.4,  using  a 
chilled  homogenizer  (No.  22  Duall,  Kontes 
Glass  Co.)  with  the  pestle  rotating  at  1000 
rpm.  Heavy  debris  and  nuclei  were  removed 
by  centrifuging  the  homogenate  two  times  at 
1000  g  for  10  min.  The  supernatant  was 
then  respun  at  6000  g  for  10  min  and  the 
surface  of  the  pellet  was  rinsed  lightly  with 
0.25  M  sucrose.  The  pellet  was  resuspended 
and  centrifuged  two  more  times  and  resus- 
pended in  10  ml  of  0.25  M  sucrose.  The 
mitochondria  were  purified  further  by  iso- 
pycnic zonal  centrifugation,  as  follows:  the 
mitochondrial  suspension  was  introduced 
into  a  Beckman  Ti-14  zonal  rotor  containing 
a  discontinuous-continuous  sucrose  gra- 
dient, as  previously  described  (5).  The  rotor 
was  spun  at  25,000  rpm  for  approx  45  min 
to  reach  an  cj^t  value  of  1.9  x  10*",  as 
determined  by  a  Beckman  cj^t  integrator.  At 
the  end  of  the  run,  the  rotor  was  unloaded 
and  26  fractions  of  25  ml  each  were  col- 

•  Aided  by  Grant  No.  AM  05474.  National  Institute 
of  Arthritis,  Metabolism  and  Digestive  Diseases,  and 
by  the  Women's  Guild  of  Sinai  Hospital. 


lected.  The  fractions  were  diluted  with  15 
ml  of  doubly  distilled  water  and  centrifuged 
at  7500  g  for  15  min.  The  pellets  were 
resuspended  in  0.25  M  sucrose  for  biochem- 
ical studies. 

Cytochrome  oxidase  activity  (a  marker 
for  the  inner  mitochondrial  membrane), 
protein,  and  nucleic  acid  content  were  de- 
termined as  previously  reported  (6).  Mito- 
chondrial steroidogenic  activity  was  deter- 
mined by  a  modification  of  the  method  of 
Robinson  and  Stevenson  (7)  which  meas- 
ures the  percentage  of  [4-"C]cholesterol 
converted  to  [4-*^C]pregnenolone  and  [4- 
*^C]progesterone.  In  our  studies,  20,000 
cpm  of  [4-"C]cholesterol  and  2  mg  of  mito- 
chondrial protein  were  used  per  assay,  and 
succinate  was  used  as  a  substrate. 

Results,  Isopycnic  zonal  centrifugation  re- 
sulted in  a  concentration  of  the  mitochon- 
dria in  the  part  of  the  gradient  around  44% 
(w/w)  sucrose,  as  indicated  by  the  distribu- 
tion of  cytochrome  oxidase  activity  (Fig.  1). 


10  15  20 

Froction  Numbtr 


Fig.  1 .  Distributions  of  cytochrome  oxidase  activ- 
ity and  protein  after  isopycnic  zonal  centrifugation. 
Mitochondrial  samples  were  prepared  from  four  to  six 
isolated  bovine  corpora  lutea  by  differential  centrifup- 
tion  and  purified  by  centrifuging  them  in  a  Beckman  Ti- 
14  zonal  rotor  containing  a  sucrose  gradient  {wH  »  1-9 
X  10*»).  Twenty-six  fractions  (25  ml  each)  were  col- 
lected, diluted  with  water,  centrifuged  at  7500^  for  IS 
min,  and  the  pellets  resuspended  in  0.25  M  sucrose. 
The  experiments  were  done  on  three  different  nuto* 
chondrial  samples  prepared  from  pooled  corpora  luiet, 
and  a  representative  set  of  data  are  presented  here. 
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1  distribution  was  similar  to  that  of 
rome  oxidase  activity,  except  for 
hat  elevated  values  in  the  fractions 
ed  at  the  lighter  end  of  the  gradient. 
ic  cytochrome  oxidase  activity  and 
c  [4-^^C]pregnenolone  and  (4- 
3gesterone  synthetic  activities  (i.e., 
y  per  milligram  of  protein)  of  com- 
fractions  16,  17,  and  18  were  higher 
tiose  obtained  with  mitochondria  sep- 
by  differential  centrifugation  alone 
;  I).  However,  the  DNA  and  RNA 
Its  per  milligram  of  protein  decreased 
tically  after  further  purification  of  lu- 
litochondria  by  zonal  centrifugation. 
yntheses  of  [4-*^C]pregnenolone  and 
Jprogesteronc  were  linear  for  at  least 
n,  with  the  [4-*^C]progesterone  syn- 
rate  being  the  faster  of  the  two  (Fig. 

'ussion.  The  absence  of  nuclear  and 
iomal  contamination  of  luteal  mito- 
ria  obtained  by  isopycnic  zonal  cen- 
ition  is  suggested  by  their  low  specific 
:  acid  contents,  which  are  comparable 
ochondrial  DNA  and  RNA  values  re- 
1  by  other  investigators  (8).  Further- 

ABLE  I.  Specihc  Cytochrome  Oxidase 
mviTY,  Nucleic  Aao  Content,  and  |4- 
CJCholesterol  Conversion  by  Luteal 
Mitochondria. 


Differential 
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rome  oxidase  ac- 

17.5 

23.4 
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5.1 

1.9 
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16.2 
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0.9 

1.3 
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6.8 

9.5 

tochondria  isolated  by  differential  ccntrifuga- 
mc  represent  an  aliquot  of  the  sample  prior  to 
entrifugation.  The  experiments  were  done  on 
lifferent  mitochondrial  preparations  prepared 
ur  to  six  bovine  corpora  lutea.  and  a  rcprcscnta- 
of  data  are  presented  here, 
is  defmcd  as  k  (sec)  x  10^ 
xentage  [4-'*C]cholesterol  conversion  values 
:>tained  by  incubating  2  mg  mitochondrial  sam- 
th  20,000  cpm  [4-"*Clcholesterol  for  60  min  in 
sence  of  succinate. 


Fig.  2.  The  percentage  of  [4-"C|cholesterol  con- 
verted to  [4-'"*C]pregnenolone  and  |4-'^C]progesterone 
per  time  by  luteal  mitochondria  purified  by  zonal  cen- 
trifugation. The  experiment  was  done  on  three  iliffer- 
ent  preparations  of  luteal  mitochondria  and  a  repre- 
sentative set  of  data  is  presented  here. 


more,  the  protein  distribution  obtained 
after  zonal  centrifugation  suggests  that  the 
higher  specific  cytochrome  oxidase  activity 
and  [4-*''C]pregnenolone  and  [4-**Clpro- 
gesterone  synthesis  rates  seen  in  luteal  mito- 
chondria purified  by  zonal  centrifugation 
were  due  to  the  loss  of  nonmitochondrial 
protein.  The  fact  that  the  mitochondria  had 
synthesized  more  [4-**C]progestcrone  than 
[4-^^C]pregnenolone  supports  the  generally 
held  view  that  cholesterol  conversion  to 
pregnenolone  is  the  rate  limiting  step  of 
ovarian  steroidogenesis  (1,  2). 

Although  the  enzymes  required  for  pro- 
gesterone synthesis  have  been  found  in 
other  subcellular  fractions  of  luteal  homoge- 
nates  (9),  it  is  likely  that  at  least  some  of  this 
activity  is  due  to  contamination  from  mito- 
chondrial fragments.  However,  it  is  possible 
that  two  sites  for  progesterone  synthesis 
may  exist  in  luteal  tissue.  In  contrast,  thecal 
cells  which  primarily  secrete  estrogen  have 
been  reported  to  favor  the  conversion  of 
pregnenolone  to  17-OH  progesterone  via 
the  A'^-pathway  (10).  Thus,  mitochondria  of 
these  cells  may  not  be  able  to  synthesize 
progesterone. 

In  conclusion,  our  studies  strongly  suggest 
that  the  enzymes  required  for  the  conver- 
sion of  pregnenolone  to  progesterone  are 
present  in  highly  purified  mitochondria 
from  bovine  corpora  lutea. 

Summary.  Mitochondria  were  prepared 
from   bovine  corpora  lutea  by  differential 
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centrifugation  and  were  purified  by  iso- 
pycnic  zonal  centrifugation.  A  marked  in- 
crease in  specific  cytochrome  oxidase  activ- 
ity and  a  marked  decrease  in  specific  DNA 
and  RNA  content  indicate  that  the  proce- 
dure resulted  in  a  highly  purified  prepara- 
tion of  mitochondria.  These  organelles  had 
a  higher  rate  of  conversion  of  [4- 
''•C]cholesterol  to  (4-^*C]progesterone  than 
did  mitochondria  separated  only  by  differ- 
ential centrifugation,  suggesting  that  luteal 
mitochondria  contain  the  enzyme  systems 
required  for  progesterone  synthesis. 
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simplex  virus  (HSV)  infection  of 
senates  is  associated  with  a  high 

rate,  and  survivors  frequently 
re  neurological  or  ocular  sequelae 
Although  antiviral  chemotherapy 
)deoxy uridine,  cytosinc  arabino- 
denine  arabinoside  has  been  used 
eatment  of  neonatal  herpes,  the 
f  these  drugs  is  currently  undeter- 
,  2).  Other  agents,  which  might 
us  replication  or  bolster  the  new- 
mune  system  specifically  or  non- 
y,  require  investigation. 

to  the  human  newborn,  who  is 
eptible  to  viral  dissemination  than 
ividuals,  the  newborn  mouse  has 
sd  to  die  when  inoculated  with 
virus  which  would  not  kill  older 
i).  Survival  of  newborn  mice  can 
rantly  increased  by  the  transfer  of 
jse  peritoneal  macrophages  prior 
allenge  (4).  Since  transfer  of  mac- 
is  not  readily  feasible  in  human 

it  was  of  interest  to  determine  if 
lich  might  stimulate  macrophages 
:ells  involved  in  immunity  would 
creased  survival  of  newborn  mice 
nih  HSV.  Blaese  has  reported  en- 
rvival  of  newborn  rats  challenged 
ria  monocytogenes  after  adminis- 

a  number  of  such  agents  (6).  A 
HSV-2  was  used  in  these  studies 
ut  three-quarters  of  HSV  strains 

from  neonates  have  been  typed  in 
itory  as  HSV-2,  which  is  also  the 
t  often  associated  with  genital  in- 
I  adults  (1,2). 
Is  and  methods.   Mice.    Outbred 

newborn  Swiss  mice  were  used. 
tter,  pregnant  mice  were  obtained 

Animal  Farms,  Prattville,  Ala.) 
ates  of  delivery  of  the  litters  were 

^  strain  of  HSV-2  isolated  from  a 


newborn  with  disseminated  herpetic  infec- 
tion was  used.  A  virus  pool  prepared  from 
infected  primary  rabbit  kidney  (RK)  cells 
had  a  titer  of  4  x  10*  plaque-forming  units 
(PFU)perml. 

Immunostimulants.  The  following  puta- 
tive immunostimulants  were  employed: 
BCG,  Tice  strain,  2-8  x  10»  viable  orga- 
nisms per  ml  (obtained  from  Dr.  Roy  Cris- 
pen.  University  of  Illinois  Medical  Center, 
Chicago,  Illinois);  Levamisole,  2.5-25  mg/ 
kg  (Janssen  R  &  D,  Inc.,  New  Brunswick, 
N.J.);  Staphage  lysate,  undiluted  (Delmont 
Laboratories,  Swarthmore,  Pa.);  Typhoid 
vaccine  1-8  units/ml  (Wyeth  Laboratories, 
Marietta,  Pa.);  Brucella  vaccine,  10*  orga- 
nisms per  ml  (obtained  from  Dr.  Michael 
Blaese,  NIH,  Bethesda,  Md.).  BCG  and 
levamisole  were  reconstituted  or  diluted 
with  normal  saline. 

Antisera  to  HSV-2.  Antiserum  to  HSV-2 
was  prepared  in  rabbits,  as  previously  de- 
scribed (7),  and  had  a  neutralizing  titer  of 
1:1024. 

Inoculation  of  mice.  One-  to  two-day-old 
litters  of  newborn  mice  were  inoculated  via 
the  intraperitoneal  (ip)  route  with  0.05  ml 
of  one  of  the  immunostimulants  to  be  evalu- 
ated. In  some  experiments  BCG  was  admin- 
istered intradermally  (id).  Two,  four,  and 
six  days  later  the  animals  were  challenged  ip 
with  10  LD50  of  HSV-2  in  0.05  ml.  Controls 
consisted  of  age-matched  animals  receiving 
only  an  immunostimulant,  and  age-matched 
animals  receiving  saline  and  then  challenged 
with  virus.  In  other  experiments,  the  effect 
of  HSV  antiserum  administered  24  hr  fol- 
lowing viral  challenge  was  determined.  Mice 
were  observed  daily  for  3  weeks  and  the 
times  of  death  recorded.  P  values  were  cal- 
culated by  use  of  the  chi-square  test  or  the 
exact  test. 

Results.  Detcrminunon  of  LI):,^t.  Newborn 
and  6-week-old  mice  were  inoculated  with 
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serial  dilutions  of  the  virus.  The  results  (Fig. 
1 )  are  similar  to  previous  findings  obtained 
by  others  (4,  5)  with  HSV-1,  in  that  new- 
born mice  succumb  when  inoculated  ip  with 
doses  of  HSV-2  that  do  not  kill  adult  mice. 
The  LD50S  for  newborn  and  adult  mice,  cal- 
culated by  the  Reed-Mucnch  method,  were 
67  PFU  and  greater  than  2  x  10^  PFU, 
respectively. 

Survival  of  newborn  mice  receiving  immu- 
nostimulants.  In  preliminary  experiments  no 
protective  effect  could  be  demonstrated 
when  undiluted  BCG  was  administered 
either  2  or  4  days  prior  to  viral  challenge 
with  10  LD50  of  HSV-2;  3  of  31  mice  given 
BCG  2  days  prior  to  challenge  survived;  2  of 
24  mice  given  BCG  4  days  prior  to  chal- 
lenge survived.  When  undiluted  BCG  was 
given  6  days  prior  to  viral  challenge,  highly 
significant  protection  was  observed  (P  < 
0.0005)  as  shown  in  Fig.  2.  No  protective 
effect  could  be  demonstrated  when  any  of 
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Fig.  1 .  Mortality  of  newborn  and  adult  mice  inocu- 
lated with  0.1 -ml  aliquots  of  dilutions  of  HSV-2  by  the 
ip  route.  Each  group  consisted  of  4  adult  mice  or  7- 1 1 
newborn  mice. 
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the  other  putative  immunostimulants  were 
administered  2,  4,  or  6  days  prior  to  viral 
challenge  at  the  doses  indicated.  Deaths  in 
control  animals  receiving  any  of  the  irnmih 
nostimulants  alone  were  not  observed. 

Effect  of  dose  and  route  of  administration 
of  BCG.  Litters  of  newborn  mice  were  inoc- 
ulated with  0.05  ml  BCG,  undiluted  or  di- 
luted 1 :5,  by  the  ip  or  id  route  6  days  prior 
to  viral  challenge.  Mice  receiving  undiluted 
BCG  ip  or  id  demonstrated  significantly  in- 
creased survival  as  did  mice  receiving  BCG 
diluted  1:5  ip  (Table  I).  Animals  receiving 
BCG  diluted  1:5  id  were  not  protected. 

Effect  of  HSV-2  antiserum.  When  0.05  ml 
of  high  titered  anti-HSV-2  rabbit  serum  was 
administered  ip  to  newborn  mice  24  hr  after 
virus  inoculation,  a  significant  increase  (P< 
0.01)  in  survival  rate  as  compared  to  con- 
trols was  noted  and  the  animals  that  suc- 
cumbed died  later  than  control  animals  (Fig. 
3).  This  partial  protective  effect  of  immune 
serum  is  similar  to  that  described  previously 
(8).  No  significant  difference  in  survival  was 

TABLE  I.  Survival  of  Newborn  Mice  Receiving 
Varying  Amounts  of  BCG  Intraperitoneally  oi 
Intradermally  6  Days  Prior  to  Challenge  ^tth 
IOLDm  of  HSV-2. 


Number  of  mice 


Treatment 


Alive 


Dead 


None 

Undil.  BCG  ip^ 
1:5  BCG  ip^ 
Undil.  BCa  id 
1 :5  BCG  id 


0 
3 
11 
5 
0 


"  P  <  0.05  by  exact  test. 
*  P  <  0.005  by  exact  test. 
'  P  <  ().(HK)5  by  exact  test. 
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I  Ki  3.  Survival  of  mice  receiving  BCG  6  daw 
prii>r  lo  inoculation  with  10  LDjo  of  HSV.2  or  HSV-2 
aniibodv  24  hr  after  virus  inoculation,  or  both. 
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(lice  receiving  BCG  6  days  prior  to 
ulation,  then  antibody  24  hr  later, 
red  to  mice  receiving  BCG  alone 
challenged  with  virus  (P  >  0.05). 
ion.  Administration  of  adequate 
BCG  ip  or  id  to  newborn  mice  6 
r  to  ip  challenge  with  HSV-2  re- 
significantly  increased  survival.  A 
)  effect  could  not  be  demonstrated 
G  was  given  4  days  or  less  before 

with  HSV-2,  suggesting  that  stim- 

effective  immune  mechanisms  re- 
^eral  days.  In  this  regard.  Young 
;nes  reported  that  it  takes  5  days 
.sed  numbers  of  lymphocytes  and 
ges  to  appear  in  the  peritoneal 
f  newborn  mice  inoculated  with 
erium  lepraemurium  ip  (9). 
active  effect  was  not  obtained  with 
I  other  agents  used.  It  is  possible 
er  doses  or  multiple  administra- 
\i\  have  been  effective.  It  is  inter- 
lote  that  of  the  agents  used  BCG  is 
)ne  to  contain  live  organisms. 

mechanisms  might  be  involved  in 
ved  increased  resistance  of  new- 
i  to  HSV  after  administration  of 
rlier  studies  emphasized  the  role  of 
Lges  in  immunity  to  HSV  (4),  and 
*ntly,  activated  macrophages  have 
vn  in  vitro  to  decrease  HSV  cell-to- 
td  (10).  It  is  possible  that  BCG 
>  macrophages  which  are  then  able 
ifection  with  HSV.  The  activation 
phages  might  involve   mediators 

by  T  lymphocytes  stimulated  by 
ernately,  BCG  might  act  by  stimu- 
duction  of  other  lymphokines  or  of 
te-dependent  cytotoxicity, 
lave  been  several  reports  on  induc- 
nmunity  to  HSV  infections  after 
linistration,  but  the  present  report 
t  in  which  protection  of  newborn 
$  demonstrated.  Baker  et  al.  (11) 
jrted  a  synergistic  effect  of  HSV 
lerum  and  BCG  on  the  survival  of 
e  challenged  with  HSV-2  intrava- 
lo  protective  effect  could  be  dem- 
when  BCG  was  administered 
3r  to  viral  challenge,  a  finding  wc 
'oborated  in  unpublished  cxpcri- 
lis  group  of  workers  had  alst)  re- 
rlier  on  the  partial  protection  con- 


veyed by  BCG  on  the  mortality  of  adult 
rabbits  infected  with  HSV-2  (12). 

Favorable  results  have  been  claimed  on 
the  use  of  BCG  for  the  treatment  of  recur- 
rent genital  herpetic  infections  (13),  but  the 
efficacy  of  this  regimen  requires  further 
evaluation.  Whether  BCG  might  be  helpful 
for  the  treatment  or  prevention  of  human 
neonatal  HSV  infections  also  remains  to  be 
ascertained.  The  studies  reported  here  sug- 
gest, however,  that  newborns  with  already 
disseminated  infection  would  be  unlikely  to 
benefit  from  BCG  administration,  since 
BCG  was  effective  only  if  given  6  days  prior 
to  viral  challenge.  However,  since  the  incu- 
bation period  of  HSV  is  around  6  days  and  it 
may  take  several  days  for  disseminated  dis- 
ease to  occur  even  after  skin  lesions  are 
noted,  BCG  might  affect  the  course  of  ba- 
bies delivered  vaginally  from  mothers  with 
genital  HSV  infection  at  the  time  of  deliv- 
ery, or  of  newborns  with  herpetic  skin  le- 
sions without  signs  of  dissemination.  The 
combination  of  BCG  with  other  modalities 
of  therapy,  such  as  passively  administered 
antibodies  or  antiviral  agents,  also  remains 
to  be  determined. 

A  small,  but  significant,  increase  in  sur- 
vival rate  was  noted  when  high-titered  anti- 
HSV-2  rabbit  serum  was  administered  to 
newborn  mice  24  hr  after  virus  inoculation 
(Fig.  3).  Recently  it  has  been  shown  that 
administration  of  similarly  prepared  anti- 
sera  to  newborn  mice  1  hr  after  intranasal 
inoculation  with  HSV-2  results  in  increased 
survival  (14).  Since  high-titered  anti-HSV 
sera  could  conceivably  be  employed  clini- 
cally, further  studies  on  the  use  and  activity 
of  high-titered  anti-HSV  sera  are  justified. 

Summary.  Since  age-dependent  dimin- 
ished macrophage  function  has  been  related 
to  the  increased  susceptibility  of  newborn 
mice  to  herpes  simplex  virus  (HSV)  infec- 
tion, the  effect  of  several  agents  which 
might  activate  macrophages  or  other  cells 
involved  in  immunity  was  investigated. 
BCG,  typhoid  vaccine,  brucella  vaccine, 
levamisolc,  or  staphage  lysate  were  adminis- 
tered to  nc\\lM>rn  mice  prior  lo  challenge 
with  MSV-2.  Of  these  agents.  onI\  BCCi. 
administered  ip  or  id  (-»  days  prior  to  chal- 
lenge, was  touncl  to  increase  the  survival 
rate  ol  newborn  mice.   I  he  pt^ssible  use  ot 
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BCG,  alone  or  in  combination  with  other 
modalities,  for  the  prevention  or  treatment 
of  neonatal  HSV  infections  is  discussed. 
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ivents  in  the  Lytic  Infection  of  Primary  Mouse  Kidney  Cell  Culture  with 
Polyoma  Virus.  The  Effect  of  Various  Input  Multiplicities  (39328) 
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I  (Py)  virus,  a  papovavirus  con- 
cular  double-stranded  DNA,  has 
nsively  studied  in  both  the  lytic 
ve  infection,  in  this  and  other  lab- 
Nevertheless,  the  precise  se- 
events  occurring  in  early  infection 
ecise  interaction  of  the  virus  with 
:mains  yet  to  be  elucidated. 
Py-RNA  is  defined  as  the  species 
scific  RNA  which  is  found  in  lyti- 
ted  cells  before  the  onset  of  virdl 
:hesis,  or  in  cells  in  which  DNA 
s  blocked  (5,  7,  10).  In  this  re- 
escribe  the  effect  of  various  input 
ies  on  the  synthesis  of  early  viral 
;  data  suggest  that:  (i)  the  rate  of 
liesis  with  respect  to  various  input 
ies  is  different  early  in  infection 
r  at  IT)  than  it  is  later  (i.e.,  65 
ii)  the  interaction  of  more  than 
particle  with  each  cell  appears  to 
:d  for  the  earlier  appearance  of 
fie  RNA. 

s  and  methods.  The  preparation 
IS  stocks  and  the  primary  mouse 
1  cultures  (3,  10,  11),  the  modi- 
dure  for  RNA-DNA  hybridiza- 
id  the  technique  for  virus  titration 
ill  previously  been  described.  The 
;  extracted  by  the  hot  phenol 
,  10)  and  four  "cycles"  of  ethanol 
Dn.  The  RNA-DNA  hybridiza- 
lerformed  in  4  x  SSC  at  65^  for 

iral   adsorption,   the   cells   were 

1  at  27**  (to  slow  the  process  of 
in  the  presence  of  FdU  (6  x  10  '• 
the  absence  of  serum  (to  block 

hesis).  The  exact  conditions  and 
teristics  of  infection  under  these 
have  also  been  described  prcvi- 
>,  9).  At  the  times  indicated,  the 
s    labeled    with     250     /xCi    of 

2  (NEN,  sp  act  25  Ci/mmol)  per 

( 
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ml  of  Dulbecco's  reinforced  Eagle's  medium 
for  a  period  of  3  hr,  at  which  time  the  total 
cell  RNA  was  extracted.  The  amount  of 
RNA  was  estimated  by  measuring  the  ab- 
sorbency  at  260  yM  in  a  Zeiss  PM-2  spec- 
trophotometer and  the  specific  activity 
(cpm//Lig  RNA)  was  calculated.  In  most  in- 
stances, 60  /Ltg  of  RNA  was  used  per  hybrid- 
ization, with  DNA  in  excess. 

Acid-soluble  nucleotide  pool  determina- 
tions were  performed  essentially  as  de- 
scribed by  Consigli  and  Ginsberg  (4).  Cells 
were  infected  at  an  m.o.i.  of  20,  or  were 
"mock-infected,"  and  were  incubated  at  27** 
for  65  hr  in  the  presence  of  FdU.  The  me- 
dium was  then  replaced  with  fresh  medium 
containing  0.5  /LtCi/ml  of  [*^C]uridine 
(NEN,  sp  act  50  mCi/mmol).  After  an  addi- 
tional 3-hr  incubation,  perchloric  acid 
(PCA)  extracts  were  prepared,  concen- 
trated by  charcoal  adsorption  and  elution, 
and  hydrolyzed  in  formic  acid  at  175**  for  45 
min.  After  chromatography  (isopropanol: 
HCl  (conc):H20  =  170:41:39),  the  spots 
were  identified  under  a  uv  lamp,  excised, 
and  extracted  with  0.1  N  HCl.  After  uv 
spectrophotometry,  aliquots  were  spotted 
on  filter  papers,  dried,  and  the  radioactivity 
was  measured. 

Results.  Figure  1  shows  the  percentage  of 
labeled  RNA  hybridizable  to  Py-DNA  at 
times  up  to  65  hr  after  infection  (27*",  FdU) 
and  input  multiplicities  ranging  from  10"^  to 
2  X  10-  PFU  per  cell.  At  27^  Py-RNA  first 
becomes  detectable  at  about  20  hr  after  in- 
fection. The  amount  of  Py-RNA  (percent- 
age labeled  RNA  hybridizable  to  Py-DNA), 
synthesized  at  65  hr  after  infection,  ap- 
proaches a  linear  relationship  with  respect 
to  increasing  m.o.i.s  above  1.  The  amount 
of  Py-RNA  synthesized  at  lower  m.o.i.s  is 
consistent  with  that  expected  in  the  small 
proportion  of  cells  which  arc  infected.  The 
relationship  of  the  increasing  m.o.i.  to  the 
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Fig.  1 .  The  percentage  of  total  RN A  hybridizable 
to  nitrocellulose  filters  containing  an  excess  of  Py-DNA 
is  plotted  for  various  multiplicities  of  infection.  The 
infection  was  carried  out  at  27°,  in  the  presence  of  6  x 
10"*  M  FdU.  At  the  times  indicated,  the  cultures  were 
"pulsed"  for  3  hr  (at  27°)  with  ['Hjuridine  after  which 
the  RNA  was  extracted.  The  precise  techniques  have 
been  described  previously  (see  Materials  and  Meth- 
ods). The  radioactivity  adhering  to  filters  without  DNA 
(blanks  of  20-30  cpm)  have  been  subtracted  from  the 
total  counts  per  minute  hybridized.  One-tenth  percent 
hybridizable  RNA  represents  approx  2000  to  4000 
cpm.  Before  plotting  the  data,  the  levels  found  in 
mock-infected  cells  (0.002-0.004%)  have  been  sub- 
tracted from  the  values  found  on  infection. 

amount  of  Py-RNA  synthesis  at  30  hr  is 
different  than  at  65  hr  in  that  it  appears  that 
a  maximum  level  is  approached  at  the 
higher  m.o.i.s  studied. 

"Early"  in  Py  infection,  there  is  no  de- 
tectable change  in  the  total  amount  of  RNA 
present  within  the  cells  (unpublished  data). 
There  is  a  striking  increase  in  the  specific 
activity  of  RNA  labeling  with  time  after 
infection  and  with  increasing  m.o.i.  (data 
not  shown,  see  Fig.  2).  The  relationship 
between  the  increase  in  specific  activity  of 
RNA  labeling  and  the  logarithm  of  the 
amount  of  Py-RNA  synthesized  is  shown  in 
Fig.  2.  To  investigate  the  cause  ol  this  in- 
crease in  RNA  specific  activity,  the  uracil 
pool  si/e  and  rate  of  labeling  was  studied. 


Acid-soluble  nucleotide  pool  determina- 
tions (3)  were  performed  at  60  to  65  hr  after 
infection  (27**)  following  a  3-hr  "pulse"  with 
[*^C]uridinc.  The  cells  infected  at  an  m.o.i. 
of  20,  at  65  hr,  contain  40%  less  PCA 
soluble  uracil  as  compared  with  mock-in- 
fected cells.  In  addition,  the  infected  cells 
incorporated  1 .4  times  as  much  labeled  uri- 
dine from  the  medium.  Both  of  these 
changes  together  lead  to  a  sufficient  in- 
crease in  the  specific  activity  of  labeling  of 
the  uracil  pool  to  account  for  the  2.1-fold 
increase  in  RNA  labeling  under  the  condi- 
tions cited  (m.o.i.  =  20  and  7  =  65  hr).  A 
more  detailed  analysis  of  nucleotide  pool 
changes  will  be  forthcoming  in  a  subsequent 
publication. 

Discussion.  At  27°,  in  the  presence  of 
FdU,  Py  virus  infection  at  various  input 
multiplicities,  is  associated  with  the  synthe- 
sis of  an  amount  of  Py-specific  RNA  which 
is  at  m.o.i.s  in  which  most  or  almost  all  the 
cells  would  be  expected  to  be  infected,  more 
nearly  quantitatively  proportional  to  **gene- 
dose"  at  65  hr  than  at  30  hr  after  infection. 
This  may  be  due  to  the  following:  (i)  the 
''saturation"  of  existing  (viral)  RNA-syn- 
thesizing  capacity  early  with  an  increase  of 
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RELATIVE  SPECIFIC  ACTIVIIY  OF  RNA  LABELLING 
(MOCK-INFECTEO  =  l) 

KiG.  2.  The  relationship  between  the  amount  of 
polyonia-specific  RNA  (see  legend  to  Fig.  1)  and  the 
stimulatu)n  of  relative  specific  activity  of  RNA  label- 
ing. (Cpm//xg  RNA  on  infection  -  cpm//ig  RNA  of 
mock-infected  cells.)  Note  the  semilogarithmic  coordi- 
nates which  were  used  for  convenience  in  plotting  the 
data. 
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ipacity  later;  and  (ii)  it  is  possible  that 
te  of  uncoating  of  the  adsorbed  virus 
(therefore,  its  availability  as  template 
inscription)  is  limiting.  More  complex 
lations  are  also  possible,  but  not  prob- 
There  appears  to  be  a  delay  in  the 
ranee  of  Py-RNA  when  the  m.o.i. 
from  0.2  to  0.02.  These  values  are 
ated  with  a  drop  in  the  numbers  of 
irus  particles  from  approx  one  per  cell 
s  than  one  per  cell.  The  DNA  con- 
I  in  these  nonplaque-forming  virus 
les  may  be  less  efficient  templates  for 
ription.  The  hypothesis  that  the  DNA 
)  defective  particles  may  serve  as  a 
ate  for  transcription  is  supported  by 
linary  experiments  regarding  the  ki- 
of  T-antigen  production  (as  deter- 

I  by  the  proportion  of  nuclei  stained 
a  fluorescent  antibody  technique), 
we  And  is  similar  to  that  of  early  Py- 

with  respect  to  the  m.o.i. 

:  changes  in  uracil  pool  size  and  the 
f  uptake  of  uridine  from  the  medium, 
obably  responsible  for  the  increase  in 
ecific  activity  of  RNA  labeling,  which 
n  is  related  to  early  Py  genetic  expres- 
It  is  conceivable  that  some  change  in 

II  membrane  affecting  its  permeability 
be  responsible  for  this  effect. 

tmary.  Early  polyoma  (Py)  virus-spe- 
INA  synthesis  was  examined  in  cells 
5d  with  different  concentrations  of  Py- 
The  effect  of  various  multiplicities  of 
ion  (m.o.i.)  on  the  rate  of  Py-RNA 
5sis  is  different  at  30  hr  as  compared  to 
Thirty  hours  after  infection  at  27*",  in 
)resence  of  5-fluoro-2-deoxyuridine 
I,  an  increase  in  input  multiplicity  was 


not  associated  with  a  quantitatively  com- 
mensurate increase  in  the  amount  of  virus- 
specific  RNA  synthesized.  At  65  hr,  the 
amount  of  viral  RNA  synthesized  was 
roughly  proportional  to  the  number  of  in- 
fecting virus  particles. 

I  would  like  to  thank  R.  Consigli,  R.  O'Brien,  R. 
Bird,  H.  Turler,  and  M.  Ho  for  their  critical  readings  of 
the  manuscript.  This  work  was  suppx^rted  by  the  Swiss 
National  Foundation  for  Scientific  Research.  A.  Brown 
is  the  recipient  of  an  American  Cancer  Society  Fellow- 
ship, No.  PF791. 
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Ammonia  Formation  from  Glutamine  I 
Perfused  Rat  Ki 

THOMAS  C.  V 

Department  of  Medicine,  University  of  Montrea 

Montreal,  Que 

Glutamine-dependent  renal  ammonia 
production  arises  from  a  dual  enzyme  sys- 
tem, cytoplasmic  i>glutamyltransferase  (EC 
2.3.2.1),  and  mitochondrial  glutaminase  I 
(EC  3.5.1.2),  whose  activities  subserve  dif- 
ferent renal  functions  (1,  2).  Besides  being 
situated  in  separate  cellular  compartments 
(2),  the  two  pathways  can  be  differentiated 
by  the  fact  that  the  mitochondrial  glutamin- 
ase is  highly  stereospecific,  acting  only  upon 
the  L-isomer  (3),  while  the  cytoplasmic  glu- 
tamyltransferase  acts  on  either  the  l-  or  d- 
isomer  (2,  4).  I  therefore  employed  these 
two  isomers  in  order  to  demonstrate  the 
relative  activities  of  the  two  pathways  in 
nonacidotic  and  chronically  acidotic  rat  kid- 
neys. 

Materials  and  methods.  Kidneys  from 
nonacidotic  and  NH4Cl-induced  chronic  aci- 
dotic (5)  male  Sprague-Dawley  rats  were 
isolated  and  perfused  as  previously  de- 
scribed (6,  7).  The  perfusion  solution  con- 
sisted of  an  artificial  plasma  media  with 
Dextran  110  in  place  of  albumen  providing 
glutamine  as  the  sole  source  of  exogenous 
nitrogen  in  these  studies.  Glutamine  was 
employed  at  initial  concentrations  listed  in 
the  tables;  the  purity  of  commercially  sup- 
plied (Sigma)  i>glutamine  was  determined 
after  exposure  to  Escherichia  coii  glutamin- 
ase and  the  liberated  ammonia  measured. 
With  the  five  different  lots  supplied,  appar- 
ent contamination  by  L-glutamine  was  al- 
ways less  than  4%  (Sigma  considers  D-gluta- 
mine  pure  within  the  limits  of  their  analy- 
sis). Perfusing  kidneys  with  0.04  mM  L-glu- 
tamine,  the  maximal  L-isomer  present  when 
perfusing  with  1  mA/  D-glutamine,  failed  to 
increase  ammonia  production  above  those 
levels  observed  in  the  absence  of  exogenous 
glutamine.  Perfusate  ammonia  concentra- 
tions were  measured  at  15-min  intervals 
throughout  the  60-min  perfusion  period  us- 
ing a  modification  of  the  glutamate  dehy- 
drogenase   NADH-NAD    linked    reaction 
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TABLE  I.  Ammonia  Production  from  Glutamine  Isomers  by  Nonacidotic  Rat  Kidneys. 


utaminc  concentra- 
tions (mAf ) 


Ammonia  production 
(/xmole  hr"*) 


Glutamine  uptake  (/xmole 
hr-») 


Ammonia 


Glutamine 


o-Gln 
1(4)- 
2.5  (4) 
5.0(4) 

L-Gln 
1(4) 
2.5  (4) 
5.0(5) 


16.2*  ±  3.6 
21.6  ±  4.2 
37.8  ±  6.9 

20.4  ±  2.0 
27.6  ±  4.6 
36.6  ±  8.4 


16.8  ±  4.3 
27.0  ±  5.7 

44.3  ±  7.5 

15.0  ±  3.8 

23.4  ±  5.1 
37.8  ±  6.6 


0.96 
0.80 
0.85 

1.36 
1.18 
0.97 


Numbers  in  parentheses  represent  perfused  kidneys. 
Mean  ±  SE. 


IS  30  45 

TIME  (MINUTES) 

IG.  1.  Perfusate  ammonia  content  during  perfu- 
of  four  acidotic  kidneys  with  1  mAf  D-gln  for  30 
and  then  switched  to  a  fresh  media  of  1  mAf  L-gln 
(subsequent  30  min. 

^ng  systems,  cytoplasmic  glutamyl- 
isferase  and  mitochondrial  glutaminase 
in  be  clearly  seen  in  the  same  kidney  as 
ivn  in  Fig.  1.  Acidotic  kidneys  are  per- 
d  with  D-glutamine  which  penetrates  the 
Khondrial  inner  membrane  in  acidosis 
but  because  of  specificity  restrictions, 
lot  be  hydrolyzed  by  matrix-located  glu- 
inase  I,  and  as  a  consequence  ammonia 
:ontributed  solely  by  the  cytoplasmic 
iway.  After  30  min  the  perfusion  media 
vitched,  by  means  of  a  3- way  stopcock, 
1  fresh  perfusion  solution  containing  l- 
amine  and  ammonia  production  then  is 
)wed  for  a  subsequent  30  min.  Switching 
1  i>-  to  L-glutamine  reveals  the  striking 


duality  of  the  cytoplasmic  and  mitochon- 
drial pathways  in  the  acidotic  kidney.  Am- 
monia production  by  the  cytoplasmic  path- 
way increased  about  twofold  16.2  /xmole 
hr->  (Table  I)  to  29.4  /xmole  hr*  (Table 
II),  a  rise  in  activity  which  is  consistent  with 
previous  observations  (9-11). 

Ammonia  production  by  the  mitochon- 
drial pathway  rose  from  4.2  /Limole  hr"' 
(the  difference  between  l-  and  D-gluta- 
mine's  ammonia  production.  Table  I)  to 
84.7  /xmole  hr"^  (Table  II)  giving  an  amaz- 
ing 20-fold  activation  as  previously  observed 
(1,  12).  Apparently,  under  these  condi- 
tions, the  mitochondrial  pathway  success- 
fully competes  for  L-glutamine  since  the 
NHa/gIn  ratio  of  2.0  indicates  complete 
deamidation  and  deamination  of  glutamine 
(13-15).  These  are  the  highest  ratios  I  have 
observed  and  are  probably  the  result  of 
depriving  this  pathway  of  substrate  during 
the  perfusion  with  D-glutamine  and  the  ele- 
vated glutaminase  I-glutamine  utilization 
rate. 

Discussion.  The  purpose  of  this  report 
was  to  demonstrate  the  existence  of  the  glu- 
tamyltransferase  and  glutaminase  I-gluta- 

TABLE  II.  Ammonia  Production  by  Acidotic 

Kidneys  Perfused  wrrH  d-Glutamine  (0-30  Min) 

and  l-Glutamine  (32-62  Min). 


Gluta- 

mmc 

concen- 

Ammonia 

Glutamine 

Ammonia 

tration 

production 

uptake 

(mm) 

(/imole  hr"') 

(/xmole  hr"') 

Glutamine 

D-GIn 

1(4)° 

29.4  ±  4.8 

30.6  ±  3.6 

0.96  ±  0.06 

L-Gln 

1(4) 

84.7  ±  6.6 

42.5  ±  2.4 

1 .99  ±  0.06 

Numbers  in  parentheses  represent  perfused  kid- 


neys. 
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mine  utilizing  pathways  from  the  perspec- 
tive of  substrate  specificity.  In  addition,  the 
quantitative  contribution  of  each  pathway  to 
the  total  renal  ammonia  production  can  be 
estimated  in  the  normal  and  chronically  aci- 
dotic  kidneys.  The  present  studies,  in  agree- 
ment with  others  (1,  2,  10),  support  the 
interpretation  that  glutamyltransferase  is 
the  major  producer  of  ammonia  in  the  nor- 
mal acid-base  state,  while  a  IS-  to  20-foId 
activation  of  the  mitochondrial  pathway  (1, 
12)  makes  it  the  predominant  source  of  am- 
monia in  acidosis  as  previously  observed 
(16,  17).  The  existence  of  dual  pathways 
has  been  substantiated  from  the  perspective 
of  nitrogen  (1,7)  and  carbon  (1 ,  in  prepara- 
tion) end  product  analysis,  selective  inhibi- 
tion of  one,  glutamyltransferase  (2,  9,  10), 
or  the  other,  glutaminase  I  (11),  and  by 
stimulating  preferentially  one  pathway,  glu- 
taminase I  in  acidosis  (16),  or  the  other, 
glutamyltransferase  by  amino  acid  loading 
(18).  All  of  these  diverse  experimental  ap- 
proaches have  supported  the  major  conclu- 
sion of  the  present  study. 

Summary.  The  following  points  summa- 
rize these  findings:  (i)  there  are  2  glutamine 
utilizing  enzyme  systems  in  the  rat  kidney; 
(ii)  the  cytoplasmic  glutamyltransferase  sys- 
tem hydrolyzes  either  glutamine  isomer 
while  the  mitochondrial  localized  glutamin- 
ase 1  is  specific  for  the  L-isomer;  (iii)  the 
cytoplasmic  pathway  contributes  70%  of  the 
total  renal  ammonia  production  in  the  nor- 
mal kidney;  (iv)  chronic  metabolic  acidosis 
results  in  a  20-fold  activation  of  the  mito- 
chondrial glutaminase  1  pathway. 
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e's  syndrome,  an  acute  encephalop- 
iccompanied  by  alterations  in  liver 
ire  and  function  has  been  recognized 
umber  of  years  as  an  infrequent  com- 
9n  of  varicella-zoster  infection,  mea- 
nfluenza,  and  other  virus  infections 
Neurological  and  hepatic  abnormali- 
sre  also  described  in  an  influenza  A 
nic  in  India  in  1958  by  Kapila  (5). 
tly,  however,  Reye's  syndrome  has 
nost  prominently  associated  with  in- 
a  B  infection,  and  there  are  only  scat- 
reports  of  its  occurrence  after  influ- 
i  infection  (4,  6-8). 
ically,  the  syndrome  develops  ab- 
after  partial  recovery  from  the  pro- 

I  virus  infection  that  is  usually  not  se- 
t  is  characterized  by  high  fever,  nau- 
d  vomiting,  abdominal  pain  with  rapid 
of  cough,  seizures,  coma,  and  fre- 
y  death.  Despite  severe  cerebral  dys- 
>n  with  increased  spinal  fluid  pres- 
erebrospinal  fluid  cell  counts  and  pro- 
e  usually  not  increased  (1,  2). 
etiology  of  the  disease  is  obscure ,  but 
jars  that  the  encephalopathy  may  re- 
3m  ammonia  and  possibly  other  me- 
es  of  the  urea  cycle  that  accumulate  in 
;d  concentrations  in  blood  and  tissue 
ie  of  impaired  function  of  one  or  more 
ycle  enzymes  in  liver  (9,  10).  Thaler 
s  associates  (10)  found  that  activity  of 
^patic  mitochondrial  enzyme,  orni- 
transcarbamylase  (OTC),  was  only 
►  of  normal  in  a  patient  with  Reye's 
•me,  and  that  there  was  an  18-fold 
ion  in  the  affinity  of  this  enzyme  for 
ine.  Brown  et  al.  (11)  observed  a  re- 

II  in  carbamyl  phosphate  synthetase 

s  work  was  supported  by  a  grant  from  the 

•Lambert   Research  Institute,   Morris   Plains, 

■sey. 

hor  to  whom  reprint  requests  should  be  ad- 


(CPS)  as  well  as  OTC  in  patients  with 
Reye's  syndrome.  Tang  and  his  associates 
(9)  report  a  reduction  to  10%  of  normal 
OTC  activity  in  a  patient  with  Reye's  syn- 
drome. The  suggestion  was  made  that 
Reye's  syndrome  may  occur  in  persons  hav- 
ing a  genetically  determined  deficiency  of  an 
enzyme(s)  of  ammonia  metabolism  that  is 
triggered  by  a  variety  of  acute  virus  infec- 
tions (10). 

The  apparent  more  frequent  occurrence 
of  Reye's  syndrome  with  influenza  B  infec- 
tion than  with  influenza  A  suggested  the 
possibility,  however,  that  some  circum- 
stance associated  with  influenza  B  infection 
might  interfere  with  the  activity  of  one  or 
more  urea  cycle  enzymes,  resulting  in  hy- 
perammonemia. This  possibility  was  em- 
phasized by  the  fact  that  influenza  A  occurs 
more  frequently  and  is  more  severe  than 
influenza  B.  Therefore,  the  hepatic  levels  of 
CPS  and  OTC  were  determined  in  mice  dur- 
ing experimental  infection  with  the  two 
types  of  influenza. 

Materials  and  methods.  Virus,  Experi- 
mental infection  was  produced  by  0.05-ml 
intranasal  instillation  of  a  suspension  of  vi- 
rus in  mice  anesthetized  with  ether.  Control 
mice  were  treated  with  intranasal  instillation 
of  0.85%  saline  following  ether  anesthesia. 
Influenza  A/PR/8/34  (HONI),  Ferret  8, 
Mouse  593,  Egg  170,  Mouse  1,  Egg  1  (10^* 
TCID50/O.2  ml,  rhesus  monkey  kidney  cell 
culture)  was  used  in  a  dilution  of  1:10,000, 
and  influenza  B/Lee/40,  Ferret  8,  Mouse 
137,  Ferret  127,  Mouse  23,  Egg  1  (10^ 
TCID50/O.2  ml,  rhesus  monkey  kidney  cell 
culture)  in  a  1:100  dilution.  Both  virus 
strains  were  obtained  from  Dr.  Walter 
Dowdle,  Center  for  Disease  Control,  At- 
lanta, Georgia.  Subsequent  passages  of  both 
viruses  were  reidentified  by  hemagglutina- 
tion inhibition  with  antiserum  provided  by 
CDC  and  found  to  be  authentic. 
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Mice.  Female  white  Swiss  mice  (CDl 
type)  weighing  approx  20  g  were  obtained 
from  Charles  River  Breeding  Farms.  Neo- 
natal mice  were  obtained  from  Microbiolog- 
ical Associates,  Washington,  D.C.  For  liver 
enzyme  assays,  mice  were  sacrificed  on  Day 
5  of  influenza  A  infection,  and  on  Day  6 
with  influenza  B  infection.  A  few  mice  with 
influenza  A  infection  died  spontaneously 
before  the  time  of  sacrifice  and  were  in- 
cluded. Assays  of  livers  from  these  animals 
were  not  appreciably  different  from  those  of 
sacrificed  animals.  Livers  were  weighed,  vis- 
ually inspected,  and  frozen  in  Dry  Ice  imme- 
diately after  autopsy.  The  lungs  of  all  mice 
were  examined  for  gross  pathology  at  the 
time  of  sacrifice  or  death. 

Human  liver  was  obtained  within  8  hr  of 
death  from  six  patients,  none  of  whom  had 
liver  disease.  Their  age,  sex,  and  diagnoses 
were  as  follows: 


occlu- 


Age 

Sex 

Diagnosis 

49 

F 

Cerebral  hemorrhage 

49 

F 

Left   midcerebral   arterial 
sion,  hypertension 

20 

M 

Accident 

52 

M 

Coronary  artery  occlusion 

50 

M 

Gun  shot  wound  -  head 

46 

M 

Cerebral  hemorrhage 

Enzyme  assays.  The  whole  livers  were 
kept  frozen  at  -70*"  until  immediately  be- 
fore assay.  No  appreciable  differences  in  the 
levels  of  the  enzymes  measured  occurred 
due  to  the  freezing  procedure.  The  livers 
(approx  1 .0  g)  were  suspended  individually 
in  19  ml  of  4''  water  and  homogenized  using 
a  Ten  Broeck  tissue  grinder  (10  strokes). 
The  homogenate  was  centrifuged  for  5  min 
at  600  rpm  to  remove  unbroken  cells  and 
cell  debris.  The  supernatant  was  used  as  the 
enzyme  preparation. 

CPS.  The  substrate  mixture  (12)  con- 
tained (/Limole/ml):  NH4HCO3,  100;  ATP, 
10;  L-omithine,  10;  N-acetyl-L-glutamate, 
10;  and  MgS04,  20.  The  substrate  solution 
was  stored  at  -70**  to  prevent  deterioration. 
Prior  to  use,  the  substrate  mixture  was  satu- 
rated with  CO2.  The  reaction  mixture  con- 
sisted of  0.40  ml  of  the  substrate  mixture 
(preincubated  at  37°  for  3  min),  0.25  ml  of 
50  mAf  NH4HCO3  (containing  100  units  of 
OTC-bovine),  and  0.15  ml  of  the  liver  ho- 
mogenate was  added  to  initiate  the  reaction. 


The  complete  reaction  mixture  was  allowed 
to  incubate  at  37°  for  15  min,  at  which  time 
the  reaction  was  terminated  by  the  addition 
of  0.2  ml  of  15%  perchloric  acid.  The  re- 
sulting precipitate  was  removed  by  centrifu- 
gation  (4000  rpm  for  5  min).  A  0.1 -ml  ali- 
quot of  the  supernatant  was  used  for  the 
determination  of  citrulline  as  described  by 
Hunninghake  and  Grisolia  (13). 

OTC.  The  reaction  mixture  contained 
(/Ltmole/ml):  carbamyl  phosphate,  20;  L-or- 
nithine,  15;  NH4HCO3  (pH  7.8),  50;  and 
0.01  ml  of  liver  homogenate  in  a  total  vol- 
ume of  0.8  ml.  The  reaction  was  initiated  by 
the  addition  of  the  homogenate  to  the  prein- 
cubated (3  min  at  37°)  substrate  mixture. 
The  reaction  mixture  was  incubated  at  37* 
for  15  min  and  then  terminated  by  the  addi- 
tion of  1.2  ml  of  15%  perchloric  acid.  The 
mixture  was  centrifuged  for  5  min  at  4OO0 
rpm,  and  0.06  ml  of  the  supernatant  was 
utilized  for  citrulline  determination . 

It  was  determined  for  both  CPS  and  OTC 
that  product  formation  was  linear  over  the 
time  interval  utilized  and  for  the  concentra- 
tions of  enzymes  and  substrates  used  in  the 
reaction  mixtures.  The  protein  concentra- 
tion was  estimated  by  the  method  of  Lx)wry 
et  al.  (14)  and  specific  activity  is  expressed 
as  micromoles  of  citrulline  produced  per 
minute  per  milligram  of  protein .  Carbamyl 
phosphate  (dilithium  salt)  and  L-ornithine 
were  purchased  from  Sigma  Chemical  Com- 
pany and  all  other  chemicals  were  of  highest 
purity  commercially  available.  The  bovine 
OTC  was  provided  by  Dr.  Steve  Bishop 
(Department  of  Biochemistry,  Baylor  Col- 
lege of  Medicine). 

Results.  Characteristics  of  influenza  A  and 
B  infection  in  the  mouse.  In  Fig.  1  is  shown 
the  mortality  of  two  groups  of  1 0  mice  fol- 
lowing intranasal  inoculation  with  influenza 
A/PR/8/34  (HONI)  or  influenza  B/Lee/40. 
Deaths  from  influenza  A  infection  began  on 
Day  4  and  by  Day  8,  9  of  10  mice  were 
dead.  Deaths  from  influenza  B  infection  be- 
gan on  Day  5  and  by  Day  8,  8  of  10  mice 
had  died.  In  Fig.  2 A  is  shown  daily  food 
consumption  of  the  mice  described  in  Fig.  1, 
with  sham-inoculated  uninfected  mice  serv- 
ing as  controls.  In  mice  infected  with  influ- 
enza A,  food  consumption  dropped  progres- 
sively from  4  g  to  0,25  g  per  day  per  mouse 
by  Day  5,  while  food  consumption  of  mice 
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vith  influenza  B  dropped  to  about 
day  in  this  period  of  time. 
2B  is  shown  the  daily  weight  of 
ng  infection  with  influenza  A  and 
g  influenza  A  infection,  the  aver- 
ht  dropped  from  20  g  to  15  g  by 
hile  with  influenza  B  infection  it 
to  18  g.  Uninfected  mice  gained 
veraging  22  g  by  Day  6. 
figs  of  all  mice  were  examined  for 
hology.  Pneumonia  was  extensive 
all  animals  and  was  most  severe  in 
culated  with  influenza  A. 
id  OTC  activity  in  livers  of  infected 
natal  mice,  and  in  man.  Values  for 
lepatic  enzymes  in  adult  mice  in- 
th  influenza  A  and  B  are  shown  in 
Only  in  mice  infected  with  influ- 
ere  levels  of  enzyme  activity  signif- 
iduced.  A  12  and  17%  reduction 
rved  in  CPS  and  OTC  activities, 
;ly.  Intraperitoneal  or  intravenous 
ation  of  the  influenza  A  or  influ- 
d  not  result  in  a  fatal  disease,  and 
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Vfortality  from  influenza  A  and  influenza  B 
je  Methods).  There  were  10  mice  in  each 


Fig.  2.  (A)  Reduction  in  food  consumption  in 
mice  infected  with  influenza  A  and  B  infection.  Values 
represent  mean  consumption  by  mice  surviving  each 
day.  There  were  two  cages  of  five  mice  at  the  start  of 
the  experiment.  (B)  Reduction  in  body  weight  during 
course  of  infection  with  influenza  A  and  B. 


CPS  and  OTC  activities  were  unaltered. 

Livers  from  10  neonatal  mice  were  also 
assayed  (Table  I)  for  the  activity  of  these 
enzymes.  CPS  values  were  about  60%  of 
the  level  of  young  adult  mice  (controls  in 
Table  I)  while  OTC  values  in  neonates  were 
40%  of  those  in  normal  adult  mice.  There 
was  a  5-10%  reduction  in  both  CPS  and 
OTC  activities  in  neonatal  mouse  livers  dur- 
ing influenza  A  or  influenza  B  infections 
(not  shown).  For  purposes  of  comparison, 
assays  for  CPS  in  livers  obtained  at  autopsy 
from  five  adult  human  patients  without 
known  liver  disease  were  1 .6  times  greater 
than  those  in  adult  mice.  However,  OTC 
values  in  the  human  livers  were  only  30%  of 
the  values  for  adult  mice.  The  values  for 
both  enzymes  in  livers  of  human  adults  were 
comparable  to  most  published  values  for 
human  neonates  and  adults  (10,  15-19). 

Discussion.  The  principal  finding  of  this 


\BLE  I.  SpECinc  Acnvmr  of  Hepatic  Carbamylphosphate  Synthetase  and  Ornfthine 

\RBAMYLASE  IN   AdULT  MiCE  INFECTED  WITH   INFLUENZA   A   AND   B,   IN   NeONATAL   MiCE,   AND  IN 

Human  Adults  without  Liver  Disease." 


Carbamylphosphate  synthe> 

Number 

tase  (xlO*) 

Ornithine  iranscarbamylase 

lit  Mice 

ontrols 

20 

3.03  ±  0.21 

1.90  ±  0.09 

ifluenza  A 

20 

2.66  ±  0.13 

1.58  ±  0.20 

ifluenza  B 

20 

2.97  ±  0.20 

1.79  ±  0.23 

natal  mice 

10 

1.77  i  0.16 

0.718  ±  0.25 

(lan  adults 

6 

5.02  ±  2.37 

0.568  ±  0.166 

:  activity  is  expressed  as  micromoles  of  product  produced  per  minute  per  milligram  of  protein.  Mice 
ated  (intranasal)  with  either  saline  (control)  or  influenza  A  or  B  as  indicated. 
I  significance:  One-tailed  Mest,  38  df.  CPS,  control  vs  influenza  A,  r  =  1 .96,  P  <  0.05.  OTC,  control 
A,  /  =  2.76,  P  <  0.005.  No  other  pairs  involving  infected  mice  were  significantly  different. 
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Study  is  that  highly  lethal  infections  in  mice 
following  intranasal  inoculation  with  influ- 
enza A  or  influenza  B  were  associated  with 
only  a  moderate  reduction  in  activity  of  two 
hepatic  enzymes  of  the  urea  cycle,  CPS  and 
OTC.  The  activity  of  the  two  enzymes  in 
both  infections  ranged  from  83  to  98%  of 
normal.  Since  the  CPS  and  OTC  levels  of 
neonatal  mice  were  intrinsically  lower  than 
adult  levels,  it  was  thought  that  small  reduc- 
tions in  CPS  and/or  OTC  activities  could 
induce  hyperammonemia.  However,  CPS 
and  OTC  activities  of  neonatal  mice  in- 
fected with  influenza  resulted  in  no  more 
than  a  10%  reduction  of  either  enzymatic 
activity.  In  the  few  human  patients  with 
Reye's  syndrome  in  whom  these  measure- 
ments have  been  made,  enzyme  activity  has 
been  in  the  range  of  10  to  20%  of  normal. 
The  reductions  of  enzyme  activity  in  the 
present  study  are,  therefore,  probably  a 
nonspecific  result  of  the  debilitating  effect 
of  illness. 

Thus,  influenza  infection  in  mice  does  not 
result  in  a  sufficient  reduction  in  CPS  or 
OTC  activities  to  produce  hyperammone- 
mia. If  the  foregoing  thesis  is  correct,  then 
the  search  for  the  pathogenetic  mechanism 
of  the  syndrome  must  turn  toward  factors 
related  to  the  patients  or  features  of  the 
epidemiology  of  the  various  diseases  that 
predispose  to  development  of  Reye's  syn- 
drome. The  injury  from  virus  infection  re- 
sponsible for  reduced  enzyme  activity  may 
result  directly  from  a  dissemination  of  virus 
to  the  viscera  including  the  liver  (4,  5,  9), 
despite  an  apparent  mildness  of  the  prodro- 
mal illness.  Other  hepatic  enzymes  and 
functions  are  also  affected  in  Reye's  syn- 
drome, and  the  relationship  among  these 
various  alterations  cannot  be  clearly  defined 
at  present. 

From  an  epidemiological  point  of  view, 
the  apparent  paradox  of  relative  absence  of 
Reye's  syndrome  with  influenza  A  and  its 
more  frequent  presence  with  influenza  B 
attracts  attention,  but  the  present  study  did 
not  afford  an  explanation  for  this  difference. 

Summary.  In  mice  infected  with  mouse- 
adapted  influenza  A/PR/8/34,  hepatic  car- 
bamyl  phosphate  synthetase  (CPS)  activity 
was  reduced  to  88%,  and  ornithine  trans- 
carbamylase  (OTC)  was  reduced  to  83%  of 
control  values.  In  mice  infected  with  mouse- 


adapted  B/Lee/40,  CPS  activity  was  9S% 
and  OTC  was  94%  of  control  values.  These 
limited  reductions  in  enzyme  activity  were 
attributed  to  a  nonspecific  debilitating  effect 
of  acute  influenzal  pneumonia .  These  find- 
ings suggest  that  the  pronounced  reduction 
of  CPS  and  OTC  activities  reported  in 
Reye's  syndrome  in  man  are  not  a  general 
manifestation  of  the  severity  of  influenza 
infection. 
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indispensability  of  the  pituitary  gland 
5  maintenance  of  early  pregnancy  in 

was  documented  as  early  as  1933  by 
sirz  and  Long  (1).  In  the  same  year, 
?t  al.  (2)  also  reported  that  pituitary 
3tropin  plays  an  important  role  in  the 
alf  of  pregnancy  in  the  rat,  since  hy- 
sectomy  before  Day  1 1  of  pregnancy 
ated  pregnancy.  Pregnancy  of  rats  hy- 
sectomized  before  Day  7  was  main- 

by  gonadotropin(s)  combined  with 
tin  (3-5)  or  prolactin  combined  with 
m  (5,  6).  More  recent  studies  using 
um  to  LH  have  shown  that  antiserum 
administered  prior  to  Day  8  of  preg- 
delayed  implantation  (7,  8)  or  caused 
>n  in  the  rat  (8-11).  Delayed  implan- 
resulting  from  antiserum  to  LH  was 
^d  by  administration  of  estrogen  (12), 
ting  that  the  antiserum  which  may 
eutralized  the  activity  of  endogenous 
used  a  reduction  of  estrogen  secre- 

well  established  that  the  secretion  of 
id  probably  FSH  as  well  is  regulated 
RH.  If  the  secretion  of  gonadotropins 
early  pregnancy  is  controlled  by  the 
lalamus  by  means  of  LHRH,  neutrali- 
of  the  activity  of  endogenous  LHRH 
specific  antiserum  to  LHRH  would 
early  pregnancy.  The  information  on 
'ect  of  administration  of  anti-LHRH 
on  pregnancy  would  shed  light  on  the 
f  the  hypothalamus  in  establishing 
incy.  The  present  study  deals  with  the 
Dt  sheep  anti-LHRH  gamma  globulin 
>lantation  of  fertilized  ova  in  the  rat. 
tods   and   materials.    Adult    rats   of 
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Charles  River,  CD  strain  were  used 
throughout  the  experiment.  They  were 
maintained  in  an  animal  quarter  artificially 
illuminated  from  0500  to  1900  hr  daily.  The 
animals  were  given  free  access  to  Purina 
Laboratory  chow  and  water.  One  week  after 
arrival,  vaginal  smears  were  checked  in  the 
female  rats  every  morning  as  described  by 
Everett  et  al.  (13),  and  only  rats  exhibiting 
at  least  two  consecutive  4-day  cycles  were 
selected  for  this  study.  On  the  afternoon  of 
proestrus  (P),  one  female  rat  was  caged  with 
two  male  rats  which  had  been  proven  fertile. 
The  next  morning,  the  vagina  of  the  female 
rat  was  inspected  for  the  presence  of  sper- 
matozoa by  vaginal  lavage  with  0.9%  saline. 
If  spermatozoa  were  present,  that  day  was 
designated  as  pregnancy  Day  1 . 

One  milliliter  of  sheep  anti-LHRH 
gamma  globulin  (anti-LHRH-G)  or  normal 
sheep  gamma  globulin  (NSG)  was  injected 
into  the  jugular  vein  of  the  rat  under  ether 
anesthesia  between  0900  and  1000  hr  on 
the  day  indicated  in  the  Results. 

Blood  was  collected  from  the  jugular  vein 
of  some  of  these  animals  on  various  days 
during  the  pregnancy.  All  animals  under- 
went laparotomy  under  Nembutal  anesthe- 
sia (3.5  mg/100  g  BW)  on  Days  8  and  14  for 
inspection  of  implantation  sites.  Some  of  the 
animals  were  allowed  to  survive  to  term. 

Antiserum  to  LHRH  was  generated  in 
two  ewes  by  immunizing  the  animals  with 
multiple  injections  of  Glu'-LHRH  (Dr.  D. 
H.  Coy)  which  was  conjugated  with  human 
serum  albumin  (HSA).  Three-and-one-half 
milligrams  of  HSA-Glu^-LHRH  conjugate 
was  injected  into  each  ewe  at  2-week  inter- 
vals as  described  elsewhere  (14).  One  of 
these  ewes  (No.  772)  produced  the  antibody 
to  LHRH  with  a  singificant  titer  after  the 
fifth  immunization. 

Anti-LHRH-G  was  isolated  from  the  an- 
tiserum by  ammonium  sulfate  by  two-step 
precipitation    procedures    (15),    then    dis- 
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solved  in  0.9%  saline  and  dialyzed  against 
0.9%  saline  for  72  hr  at  4**  to  remove  am- 
monium sulfate.  The  dialyzed  gamma  glob- 
ulin was  adjusted  for  volume  by  adding 
0.9%  saline  to  make  up  the  original  serum 
volume.  Ten-milliliter  aliquots  were  placed 
in  vials,  lyophilized,  and  stored  at  4°. 
Shortly  before  the  experiment,  the  content 
of  each  vial  was  dissolved  in  10  ml  of  HgO. 
Gamma  globulin  from  normal  sheep  serum 
was  similarly  prepared. 

Antigenic  determinants  of  the  anti- 
LHRH-G  were  determined  by  examining 
the  cross  reactivity  with  various  synthetic 
peptides  corresponding  to  fragments  of 
LHRH  decapeptide,  as  described  elsewhere 
(16).  Those  peptides  shown  in  Table  I  were 
kindly  supplied  by  Dr.  Yanaihara. 

Serum  samples  collected  from  rats  at  var- 
ious stages  of  pregnancy  were  determined 
for  LH  and  prolactin  by  radioimmunoassay 
(RIA).  Serum  LH  was  determined  in  dupli- 
cate by  RIA  as  described  by  Niswender  et 
aL  (17),  (OO-Rat-LH  RIA)  using  NIH-LH- 
S  17  as  the  reference  standard.  Serum  pro- 
lactin was  measured  in  duplicate  by  RIA  as 
described  by  Niswender  et  aL  (18)  using 
NIAMDD-RAT-Prolactin  kit.  The  assay 
data  of  LH  and  prolactin  were  processed  by 
a  computer  program  for  RIA  described  by 
Duddleson  et  aL  (19).  Mean  serum  hor- 
mone levels  of  each  group  were  compared 
with  those  of  others  by  using  Duncan's  new 
multiple  range  test.  Synthetic  LHRH  prepa- 
ration used  (TAP  023)  was  kindly  provided 
by  Dr.  M.  Fujino,  Takeda  Chemical  Indus- 


tries. 17-/3  Estradiol  was  obtained  from 
Schering  Corp.  (N.J.). 

Results.  Characterization  of  sheep  am- 
LHRHG.  Sheep  anti-LHRH-G  (no.  772) 
bound  99%  of  '^M-LHRH  at  1:70  dilution 
under  the  conditions  of  radioimmunoassay 
for  LHRH  (14).  The  antibody-tracer  bind- 
ing was  inhibited  by  unlabeled  LHRH  in  a 
dose-related  manner,  enabling  us  to  estab- 
lish a  linear  standard  curve  using  logit  of  B/ 
Bo%  on  the  ordinate  and  log  dose  on  the 
abscissa  in  a  range  from  16  to  4096  pg/tube, 
where  B  and  Bo  represented  bound  radioac- 
tivity with  and  without  the  presence  of  unla- 
beled LHRH.  The  antibody-tracer  binding 
was  not  affected  by  other  hypothalamic  and 
pituitary  hormones,  including  TRH,  soma- 
tostatin, rat  LH,  FSH,  and  prolactin,  and 
the  extracts  of  the  rat  placenta.  However, 
the  binding  was  inhibited  to  various  degrees 
by  synthetic  peptides  corresponding  to  frag- 
ments of  LHRH  or  LHRH  analogs.  As 
shown  in  Table  I,  only  peptides  which  con- 
tained Leu-Arg-Pro-Gly-NHz  showed  sig- 
nificant cross-reactivity.  Therefore,  the  anti- 
genic determinant  at  the  antibody  side  is 
considered  to  reside  in  this  amino  acid  se- 
quence. 

Effect  of  anti-LHRH-G  on  implantation. 
The  number  of  implantation  sites  on  Days  8 
and  14  of  pregnancy  in  rats  injected  with 
anti-LHRH-G  or  NSG  are  summarized  in 
Table  II.  Fourteen  implantation  sites  on  the 
average  were  clearly  observed  on  Day  8  in 
the  rats  given  NSG  from  Days  1  through  7 
(Group  1).  On  Day  14,  a  similar  number  of 


TABLE 


Peptide. 


.  Cross- Reactivity  of  Sheep  Anti-LHRH  Gamma  Globulin  (No.  772)  with  Various 
Synthetic  Peptides  Corresponding  to  Fragments  of  LHRH  Decapeptide. 


Amino  acid  sequence 


Cross-reactivity,  % 


LHRH 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 


^GIuHisTrp-  Ser-Tyr-  Gly  Leu-  Arg-  Pro-  GlyNH, 

^Glu  Leu- OH 

^Glu  GlyOH 

^Glu  Trp-OH 

His 


Ser 


-Leu- OH 
-Leu- OH 
Leu 


Ser 


pGlu( 
pGIu(       y 
His  - 
pGlu 


Trp 

Trp- 

Trp- 


-Gly-NH, 
-Gly-NH, 
-Gly-NHa 
-Gly-NHa 
-Gly-NH: 
-Gly-OH 


-Pro  OH 

-Gly  NH, 


-Arg-NH, 


100 

0 

0 

0 

0 

0 

30 

70 

100 

100 

100 

0 

0 

100 

0 
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TABLE  II.  Effect  of  Anti-LHRH-G"  on  Implantation  in  Rats. 


Mean  implantation 

sites  (Number  of 

rats  with 

implanta- 

tion 

sites) 

Number 
of  rats 

Duration  of 
treatment 

Group 

Treatment 

Days 

Day  14 

Remarks 

1 

5 

NSG* 

Days  1-7 

14(5) 

13(5) 

Normal  parturition 

2 

8 

Anti-LHRH-G 

Days  1-7 

0(0) 

5(3) 

Two  delivered  pups  7-8  days 
after  term 

3 

6 

NSG 

Days  3-5 

13(6) 

13(6) 

Normal  parturition 

4 

12 

Anti-LHRH-G 

Days  3-5 

0(0) 

13(9) 

Parturition  delayed  by  4-6  days 

5 

5 

Anti-LHRH-G 

3 

13(5) 

14(5) 

Normal  embryonic  swellings  on 
Day  14;  normal  parturition 

6 

6 

Anti-LHRH-G 

4 

5(1) 

9(4) 

Parturition  delayed  by  3  -4  days 

7 

6 

Anti-LHRH-G 

5 

13(6) 

13(6) 

Some  fetuses  small  on  day  14; 
normal  parturition 

8 

6 

Anti-LHRH-G  +  2  x 
1     Mg    of    LHRH/ 
16%  gelatine 

4 

13(6) 

12(6) 

Normal  embryonic  swellings  on 
Day  14 

9 

5 

Anti-LHRH-G    +     1 
^g  of  estradiol 

4 

10(5) 

10(5) 

Nearly  normal,  some  small  on 
Days  8  and  14 

10 

5 

Anti-LHRH-G  + 
0.02  Aig  of  estra- 
diol 

4 

12(4) 

14(4) 

Most  small  on  Day  14 

U 

6 

Anti-LHRH-G  + 
0.01  fig  of  estra- 
diol 

4 

12(1) 

14(6) 

Indistinguishable  on  Day  8, 
small  on  Day  14 

"  Sheep  anti-LHRH  gamma  globulin. 
*  Normal  sheep  gamma  globulin. 

/iable  fetuses  were  present,  and  the  animals 
jelivered  pups  on  term.  When  rats  were 
injected  with  1  ml  of  anti-LHRH-G  once 
daily  from  Days  1  through  7  of  pregnancy 
[Group  2),  no  implantation  site  was  recog- 
nized on  Day  8.  On  Day  14,  three  out  of 
sight  rats  had  viable  fetuses  but  they  were 
smaller  than  those  found  in  NSG-treated 
:ontrol  rats  (Group  1).  Two  of  these  rats 
delivered  pups  but  the  parturition  was  de- 
layed by  7-8  days. 

Other  groups  were  treated  with  anti- 
LHRH-G  (Group  4)  or  NSG  (Group  3) 
Tom  Days  3  through  5.  On  Day  8,  no  im- 
)lantation  site  could  be  distinguished  in  the 
ats  treated  with  anti-LHRH-G,  but  in  9  out 
>f  12  rats,  embryonic  swelling  became  evi- 
lent  on  Day  14.  These  rats  delivered  pups 
i-6  days  later  than  term.  The  results  indi- 
ate  that  treatment  with  1  ml  of  anti- 
.HRH-G  from  Days  3  through  5  delayed 
mplantation  by  about  5  days  but  did  not 
erminate  gestation. 

To  pinpoint  the  critical  time  at  which 
-HRH  is  essential  for  timely  implantation, 

ml  of  LHRH  was  injected  iv  on  Day  3,4, 
)r  5  of  pregnancy.  A  clearcut  inhibition  of 


implantation  on  Day  8  was  observed  when 
anti-LHRH-G  was  injected  on  Day  4,  but 
no  effect  was  obtained  when  anti-LHRH-G 
was  administered  on  Day  3  or  5.  In  the  rats 
treated  on  Day  4,  implantation  appeared  to 
have  been  delayed  by  3  days,  judging  from 
the  day  of  parturition. 

Prevention  of  delayed  implantation  by 
LHRH  or  estrogen.  On  Day  4,  the  rats  of 
group  8  received  one  iv  dose  of  anti-LHRH- 
G  and  two  sc  doses  of  LHRH  in  16%  gela- 
tin/0.9% saline.  Implantation  sites  on  Day  8 
were  nearly  normal  (Table  II).  On  Day  4  of 
pregnancy,  different  doses  of  estradiol  were 
also  injected  together  with  anti-LHRH-G. 
A  dose  of  0.02  fig  of  estradiol  injected  con- 
comitantly with  anti-LHRH-G  only  slightly 
restored  the  delayed  implantation.  A  nearly 
complete  nullification  of  the  inhibition  ef- 
fect of  anti-LHRH-G  on  implantation  was 
achieved  by  1  fig  of  estradiol.  These  results 
suggest  that  delayed  implantation  by  anti- 
LHRH-G  is  caused  by  neutralization  of  en- 
dogenous LHRH  and,  in  turn,  by  the  de- 
cline of  estrogen  secretion  produced  by  this 
treatment. 

Plasma  LH  levels  on  Day  4  or  5  appeared 
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to  be  lower  after  anti-LHRH-G  injection. 
However,  since  the  preinjection  levels  were 
in  a  range  close  to  the  margin  of  assay  sensi- 
tivity (from  nondetectable  to  1.9  ng/ml), 
quantitative  measurement  of  the  reduction 
of  plasma  LH  was  impossible  to  make. 
There  was  no  significant  difference  in 
plasma  prolactin  levels  between  groups 
treated  with  NSG  and  those  treated  with 
anti-LHRH-G. 

Discussion.  The  results  of  the  present 
study  clearly  indicate  that  hypothalamic 
LHRH  is  indispensable  on  Day  4  of  preg- 
nancy in  rats  for  the  timely  implantation  of 
fertilized  ova,  most  probably  by  maintaining 
secretion  of  LH  and,  in  turn,  estrogen.  Our 
studies  indicate  that  serum  LH  in  castrated 
rats  declines  as  early  as  2  hr  after  iv  injec- 
tion of  sheep  anti-LHRH  serum  (Vilchez- 
Martinez  et  aL,  unpublished  observation) 
and  that  injection  of  the  anti-LHRH  serum 
to  proestrous  hamsters  at  noon  blocks 
midafternoon  elevation  of  serum  LH  (20). 
These  fmdings  indicate  that  the  blockade  of 
the  action  of  endogenous  LHRH  by  exoge- 
nously  administered  antibody  occurred 
within  a  few  hours  after  injection.  The  fact 
that  anti-LHRH-G  could  delay  implantation 
only  when  injected  on  Day  4  of  pregnancy, 
not  on  Day  3  or  5,  suggests  that  Day  4  of 
pregnancy  is  the  critical  period  when  the 
hypothalamic  hormone  is  most  needed  for  a 
successful  implantation.  This  also  suggests 
that  the  effect  of  anti-LHRH-G  does  not 
last  longer  than  1  day. 

Although  we  could  not  determine  serum 
estrogen,  the  restoration  by  estradiol  of  the 
delay  in  implantation  induced  by  anti- 
LHRH-G  indicates  that  secretion  of  estro- 
gen which  is  essential  for  implantation  was 
suppressed  below  the  threshold  required  for 
nidation.  Although  estrogen  appears  to  play 
a  major  role  in  implantation,  the  function  of 
progesterone,  together  with  estrogen,  in  the 
process  of  implantation  on  Day  4  of  preg- 
nancy cannot  be  excluded.  Plasma  proges- 
terone levels  show  two  peaks  during  preg- 
nancy in  rats:  the  first  small  peak  appears  on 
Days  3-5  and  a  large  peak  on  Days  13-20, 
implying  a  physiological  significance  at 
these  periods  (21).  Plasma  progesterone 
levels  during  early  pregnancy  are  indeed  de- 
creased by  the  administration  of  anti- 
LHRH-G  (22). 


Daily  injections  of  anti-LHRH-G  from 
days  1  through  7  of  pregnancy  not  only 
inhibited  implantation  on  Day  8,  but  also  on 
Day  16  in  some  animals.  In  some  rats,  re- 
sorption of  fetuses  was  observed  at  the  sec- 
ond laparotomy.  This  could  be  due  to  de- 
creased secretion  of  progesterone  which  is 
essential  for  viability  of  the  implanted  fe- 
tuses (7,  21). 

Loewit  and  Laurence  (23)  and  Madhwa 
Raj  and  Moudgal  (24)  reported  that  admin- 
istration of  anti-LH  serum  to  rats  from  Days 
7  through  14  of  pregnancy  prevented  or 
terminated  gestation.  Progesterone,  how- 
ever, given  concomitantly  with  the  antise- 
rum to  LH,  overcame  the  inhibitory  effect 
of  anti-LH,  and  the  pregnancy  was  main- 
tained. 

The  results  of  the  present  study  on  anti- 
sera  to  LHRH  resemble  the  findings  ob- 
tained by  using  a  minimum  effective  dose  of 
anti-serum  to  LH  which  caused  delayed  im- 
plantation, but  which  did  not  terminate  ges- 
tation (12).  Madhwa  Raj  et  al.  (12)  re- 
ported that  the  antiserum  given  to  rats  on 
the  morning  of  Day  4  of  pregnancy  resulted 
in  an  inhibiton  of  implantation  on  Day  8  and 
that  an  LH  surge  precedes  an  estrogen  surge 
on  Day  4  of  pregnancy.  On  the  other  hand, 
Morishige  et  al.  (25)  and  Linkie  and  Ni- 
swender  (26)  reported  elevated  serum  LH 
levels  during  early  pregnancy  in  rats,  from 
Days  1  through  1 1  and  Days  1  through  4, 
respectively,  but  they  did  not  find  a  signifi- 
cant LH  surge  on  the  afternoon  of  Day  4  of 
pregnancy.  In  the  present  study  we  could 
not  observe  clear-cut  suppression  of  serum 
LH  by  anti-LHRH  due  to  the  limited  sensi- 
tivity of  the  assay.  However,  our  findings 
imply  that  the  maintenance  of  basal  secre- 
tion of  LH  during  early  pregnancy  requires 
LHRH.  It  is  possible  that  administration  of 
antiserum  reduces  serum  LH  below  the 
threshold  levels  for  implantation. 

When  our  findings  on  the  effect  of  anti- 
LHRH-G  are  compared  with  those  of  others 
who  have  examined  the  effect  of  antiserum 
to  LH,  it  appears  that  the  effect  of  anti- 
LHRH-G  is  less  pronounced  than  that  of 
anti-LH  serum.  LH  in  circulation  may  be 
abruptly  and  nearly  completely  neutralized 
by  the  excess  dose  of  antiserum,  resulting  in 
a  sudden  disappearance  of  the  hormone.  On 
the  other  hand,  LHRH  which  is  mainly  con- 
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to  the  median  eminence  and  hypo- 
l  portal  blood  may  be  subjected  to  the 
lizing  action  of  exogenously  adminis- 
inti-LHRH-G.  This  reduction  of  cir- 
ig  LH  by  anti-LHRH  may  take  place 
gradually  and  less  drastically  than  that 
I  by  anti-LH  serum,  and  the  circulat- 
1  would  never  fall  to  zero  because  of 
sidual  function  of  pituitary  gonado- 
.  Absence  of  vaginal  bleeding  in  all  of 
ts  given  anti-LHRH-G  in  the  present 
could  support  this  speculation. 
\mary.  The  effect  of  the  administra- 
f  sheep  anti-LHRH  gamma  globulin 
-HRH-G)  on  implantation  of  fertil- 
va  was  investigated  in  rats.  Daily  in- 
IS  of  1  ml  of  anti-LHRH-G  from  Days 
)ugh  7  of  pregnancy  uniformly  in- 
1  implantation  of  fertilized  ova  on 
,  but  viable  sites,  though  considerably 
r  in  size  than  in  control  rats,  became 
;uishable  on  Day  14  in  most  rats.  In 
3f  these  rats  resorption  of  fetuses  oc- 
,  and  others  delivered  pups  7-8  days 
erm.  When  the  rats  were  given  anti- 
I-G  from  Days  3  through  5,  the  im- 
tion  was  delayed  by  5  days,  but  the 
on  was  not  terminated.  A  single  in- 
I  of  1  ml  of  anti-LHRH-G  on  Day  4 
ed  implantation  on  Day  8,  but  injec- 
n  Day  3  or  5  did  not.  The  delayed 
itation  by  anti-LHRH-G  injected  on 
was  nullified  by  concomitant  adminis- 
I  of  2  sc  injections  of  1  ^g  of  LHRH, 
ingle  dose  of  1  /ng  of  estradiol.  The 
idicate  that  the  hypothalamic  LHRH 
ntial  on  Day  4  of  pregnancy  for  timely 
Itation  of  fertilized  ova,  probably  by 
lining  LH  and,  consequently,  estro- 
cretion. 
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Soluble  tumor  antigen,  in  a  free  or  anti- 
body-complexed  form,  has  been  implicated 
in  the  blockade  of  cell-mediated  tumor  re- 
jection (1-4).  We  have  recently  reported 
the  deposition  of  soluble  immune  complexes 
consisting  of  soluble  tumor  antigen  and  anti- 
body, in  the  kidneys  of  mice  bearing  a  pro- 
gressive B-16  melanoma  (3).  The  intensity 
of  renal  deposition  correlated  directly  with 
tumor  size  and  the  presence  of  metastases, 
and  inversely  with  the  degree  of  mononu- 
clear leukocyte  infiltration  of  the  tumor  in 
vivo.  It  was  of  interest,  therefore,  to  deter- 
mine by  what  means  and  in  what  form  the 
soluble  antigen  was  generated  by  the  tumor 
cells. 

Soluble  materials  which  exhibit  tumor-as- 
sociated antigenicity  have  been  described 
recently  in  the  expended  medium  of  cul- 
tured L-1 11 7  mouse  lymphoma  cells  (5)  and 
B-16  melanoma  cells  (6).  We  have  de- 
scribed the  occurrence  of  such  antigens  in 
the  serum  of  B-16  bearing  mice  (3),  and  the 
present  study  has  confirmed  the  presence  of 
soluble  tumor  antigens  in  expended  B-16 
culture  fluids. 

Materials  and  methods.  Preparation  of 
soluble  antigen  from  culture  supernatant 
fluids.  Monolayers  of  B-16  cells  were  cul- 
tured until  they  reached  maximum  density 
in  RPMI-1640  medium  containing  penicillin 
(100  units/ml)-streptomycin  (100  /itg/ml), 
tylocine  (anti-PPLO),  and  15%  heat-inacti- 
vated, virus-screened  fetal  calf  serum 
(Grand  Island  Biological  Company,  Grand 
Island,  New  York)  at  37°  in  a  5%  CO2 
atmosphere.  Monolayers  were  washed  thor- 
oughly with  Hanks  Balanced  Salt  Solution 
and  cultured  for  72-96  hr  in  serum-free 
RPMI-1640  medium  as  before.  Supernatant 
medium  was  then  decanted,  paper-filtered, 
and  concentrated  50-60-fold  by  negative 

•  Supported  by  N.C.I.  Grant  No.  CA  13658,  and 
Kentucky  Tobacco  Research  Institute  Grant  No.  073. 


pressure  dialysis.  Concentration  was  carried 
out  at  4**  using  0.39-in.  dialysis  casing  (Un- 
ion Carbide).  Concentrate  was  dialyzed 
against  normal  saline,  centrifuged  at 
100,000  g  for  1  hr,  and  the  pellet  was  dis- 
carded prior  to  estimation  of  the  total  pro- 
tein content  of  the  supernatant  by  the 
Lowry  method.  The  supernatant  material 
retained  its  antigenic  activity  for  at  least  8 
months  at  -lO"". 

For  control  purposes,  similar  concen- 
trated fluids  were  prepared  from  cultures  of 
an  established,  H-2  unrelated,  mouse  cell 
line  (L-929)  and  from  H-2  identical  C57BI/ 
6 J  normal  adult  fibroblasts  (C57F)  recently 
established  in  this  laboratory.  Also,  similar 
fluids  were  prepared  subsequent  to  repeated 
freezing  and  thawing  of  B-16  cells  in  serum- 
free  RPMI-1640  at  the  same  cell  number  to 
medium  volume  ratio  as  used  for  live  mono- 
layer-derived  supemates.  One-half  of  this 
killed  cell  suspension  was  processed  imme- 
diately and  fluid  from  the  other  half  was 
collected  and  concentrated  after  incubation 
at  3T  for  72-96  hr  in  order  to  allow  the 
killed  cells  to  undergo  autolysis.  The  various 
supernatant  preparations  were  coded  as  fol- 
lows: (i)  B-16SA,  from  live  B-16  cell  mono- 
layers; (ii)  B-16SAk,  from  killed  B-16  cells; 
(iii)  B-16SAK3r»  from  autolysed  B-16  cells; 
(iv)  C57FSA,  from  live  monolayers  of  C57F 
cells;  (v)  L-929SA,  from  live  monolayers  of 
L-929  cells. 

Preparation  of  antiserum.  Antiserum  to 
B-16SA  was  prepared  in  rabbits  by  repeated 
weekly,  and  later,  biweekly,  sc  injections  of 
approx  1  mg  total  protein  of  B-16SA.  Initi- 
ally, the  B-16SA  was  injected  as  an  emul- 
sion in  complete  Freund's  adjuvant.  Booster 
injections  were  given  in  saline  without  adju- 
vant. Sera  obtained  9  days  after  each  sc 
booster  injection  or  4  days  after  an  iv  boost 
were  found  to  contain  maximal  levels  of 
specific  antibody  beginning  at  about  2 
months  after  the  initial  sensitization. 
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ipitation  in  agar.  All  supernatant 
'ations  were  tested  by  double  diffu- 
1  1%  Agar  [Phosphate  Buffered  Sa- 
^BS),  pH  7.2]  and  by  immunoelectro- 
5is  (lEP)  in  0.85%  Agar  (0.05  M  bar- 
)uffer,  pH  8.2)  against  rabbit  anti-B- 

racterization  of  B-16  specific  antigen, 
uinuous  gel  electrophoresis.  Seven 
It  polyacrylamide  analytical  gels  were 
red  according  to  the  method  of  Davis 
Two-hundred  microliters  of  B-16SA 
ning  80  mg  of  sucrose  and  having  a 
trotein  content  of  250  fig  were  layered 
p  of  a  3%  stacking  gel.  A  loading 
It  of  2  mA/gel  was  applied  for  approx 
1  to  complete  the  electrophoretic  sep- 
n.  longitudinal  sections  of  the  gels 
ixed  and  stained  for  protein  with  Ani- 
lue-black  or  Buffalo  black.  Unfixed 
jdinal  sections  were  assayed  for  anti- 
>cation  by  double  diffusion  in  agar, 
arable  gels  were  run  with  glycerol  sub- 
d  for  sucrose  and  were  stained  for 
►rotein  with  Alcian  blue  or  for  carbo- 
:es  with  Periodic  Acid  Schiff  stain. 
hadex  column  chromatography.  Three 
:ers  of  B-16SA  containing  0.3  g  of 
►se  was  applied  to  a  2.5  x  45-cm  col- 
)f  Sephadex  G-150  and  eluted  at  4° 
BS  pH  7.4.  The  effluent  was  collected 
il  columns  at  a  flow  rate  of  10  ml/hr 
Teened  at  216  and  280  nm  on  a  Gil- 
!40  spectrophotometer.  Serial  15-ml 
were  concentrated  10-fold  by  negative 
re  dialysis  and  screened  for  B-16  spe- 
itigen  by  lEP  and  double  diffusion. 
lunogenicity  of  B-16SA  in  C57BII6J 
C57B1/6J  male  mice  (18-20  g)  ob- 
from  the  Jackson  Labs  (Bar  Harbor, 
)  were  injected  at  weekly  intervals 
c  and  ip  with  either  (i)  50  p.g  B-16SA, 
I  Mg  C57FSA,  (iii)  50  /ig  L-929SA, 
olyacrylamide  isolated  B-16  specific 
•n  of  B-16SA,  or  (v)  whole  frozen- 
B-16  cells  (1  X  10«).  The  antibody 
were  determined  by  mixed  hemad- 
>n  (3)  1  week  after  the  last  immuniz- 
lection  (approx  2  months  after  initial 
on)  using  pooled  serum. 
dts.  Rabbit  anti-B-16SA  showed  sev- 
recipitin  lines  in  lEP  with  B-16SA 
lA).  Some  components  with  similar 
ties  were  also  present  in  the  L-929SA 
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Fig.  1.  Immunoelectrophoresis  patterns  of  B- 
16SA,  C57FSA,  and  L-929SA  run  against  unabsorbed 
and  absorbed  rabbit  anti-B-16SA.  The  B-16  specific 
antigens  (C)  could  no  longer  be  detected  after  the 
antiserum  was  absorbed  once  with  B-16  lyophilized 
powder  or  with  B-16SA. 

and/or  the  C57FSA.  Repeated  (3x)  ab- 
sorption of  the  antiserum  for  a  minimum  of 
2  hr  each  at  4**,  RT  and  37**  with  a  saline- 
insoluble  lyophilized  powder  of  L-929,  or  a 
single  absorption  for  1  hr  at  37**  with  L- 
929SA,  removed  all  reactivity  against  L- 
929SA  and  removed  reactivity  against  the 
most  anodally  migrating  component  of 
C57FSA  and  B-16SA  (Fig.  IB  and  D).  Ab- 
sorption with  C57  tissue  (5x)  powder  or 
C57FSA  (1 X)  removed  all  reactivity  against 
both  L-929SA  and  C57FSA.  Two  antigeni- 
cally  identical  components  with  slightly  dif- 
ferent beta  mobilities  could  still  be  detected 
in  the  B-16SA  after  extensive  absorption  of 
the  anti-B-16SA  serum  with  C57  tissue 
powder  or  C57FSA  (Fig.  IC).  The  B-16 
specific  reactivity  could  be  completely  re- 
moved, however,  by  a  single  absorption 
with  B-16SA  or  with  a  saline-insoluble  ly- 
ophilized powder  of  B-16  tumor  tissue  de- 
rived from  sc  growth  in  C57B1/6J  mice. 

Double  diffusion  in  agar  (Fig.  2)  with 
unabsorbed  anti-B-16SA  showed  an  anti- 
genic component  common  to  B-16SA, 
C57FSA,  and  L-929SA.  A  second  B-16SA 
antigen  was  absent  in  L-929SA  but  dis- 
played partial  identity  with  a  C57FSA  com- 
ponent. A  third  antigen  was  detectable  only 
in  the  B-16SA.  The  antigen  common  to  all 
three  supernates  and  the  antigen  limited  to 
the  B-16SA  and  C57FSA  could  no  longer 
be  detected  when  the  antiserum  was  ab- 
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Fig.  2.  Immunodiffusion  patterns  of  B-16SA, 
C57FSA,  and  L-929SA  against  rabbit  anti-B-16SA. 
The  component  which  is  common  to  all  three  super- 
nates  and  the  component  which  shows  partial  identity 
in  the  B-16  and  C57  supemates  are  both  removed  by 
absorption  with  C57.  The  spur  on  the  B-16SA  is  not 
detectable  after  absorption.  However,  the  component 
which  is  present  only  in  the  B-16SA  remains  after  C57 
absorption  and  can  only  be  removed  by  absorption  with 
B-16. 

sorbed  with  C57FSA  or  C57  powder.  After 
extensive  absorption  with  C57,  a  single  line 
of  reactivity  remained  against  the  B-16SA 
only.  The  B-16  specific  reactivity  could  be 
removed  only  by  absorption  with  B-16.  An 
antigen  identical  to  the  B-16SA  specific 
component  could  be  detected  in  autolysed 
B-16  supernatant  but  not  in  non-autolysed 
killed  cell  supernatants  (Fig.  3). 

Rabbit  anti-B-16SA  also  showed  specific 
activity  against  B-16  cell  membranes  in  the 
indirect  immunofluorescence  assay.  Again, 
this  activity  could  be  removed  by  absorption 
with  B-16SA  or  B-16  powder  but  not  with 
similar  preparations  from  either  C57  or  L- 
929  cells  (Fig.  4). 

Fourteen-sixteen  protein  staining  compo- 
nents could  be  resolved  in  the  B-16SA  by 
discontinuous  polyacrylamide  gel  electro- 
phoresis. A  line  drawing  representation  of 
double  diffusion  in  agar  of  one  longitudinal 
section  of  B-16SA  gel  against  anti-B-16SA 
is  shown  in  Fig.  5.  Two  B-16  specific  com- 
ponents were  detected;  the  extreme  anodal 
migration  of  the  more  prominent  compo- 
nent contrasts  with  its  slight  anodal  migra- 
tion in  lEP  suggesting  that  the  extreme  mi- 
gration in  gel  is  a  function  of  small  size 
rather  than  large  net  negative  charge.  Car- 
bohydrates were  not  demonstrable  in  areas 
of  the  gel  in  which  B-16  specific  antigen 
appeared. 

The  elution  profile  of  the  B-16SA  on  G- 
150  Sephadex  is  shown  in  Fig.  6.  The  anti- 
gen common  to  B-16SA,  C57FSA,  and  L- 
929SA  eluted  in  the  first  peak  after  the  void 
volume.  The  location  of  the  peak  suggests  a 


mol  wt  range  of  70,000-150,000.  The  G- 
150  isolated  B-16  specific  antigen  were 
reapplied  to  a  calibrated  G-75  o^umii  and 
their  molecular  sizes  were  detennined.  The 
major  antigen  appeared  to  have  a  mol  wt  of 
approx  25,000  and  the  minor  anttgm  of  a 
mol  wt  of  20,000. 

Mice  immunized  with  either  unficactioD- 
ated  B-16SA  or  with  the  polyacrylamide  gel 
derived  fraction  developed  a  serum  anti- 
body response  to  the  B-16  cells,  as  meas- 
ured by  mixed  hemadsorption,  which  was 
comparable  to  that  developed  by  animals 
immunized  with  whole  B-16  cells.  Mice  im- 
munized with  L-929SA  or  C57FSA  did  not 
develop  and  anti-B-16  antibody  (Table  I). 

Discussion.  At  least  one,  and  possibly 
two,  specific  membrane-associated  antigens 
can  be  detected  in  the  supernatants  of  cul- 
tured B-16  cells.  The  fact  that  these  anti- 
gens remained  in  solution  after  centrifuga- 
tion  at  100 ,000  g  suggests  that  they  are  not 
large  membrane  fragments.  Furthermore, 
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Fig.  3.  B-16  specific  antigens  in  supemates  of  live 
cells,  killed  cells,  and  autolysed  cells:  The  B-16  specific 
component  appeared  only  in  the  supernate  from  live 
cells  (B-16SA)  and  in  that  from  autolysed  cells 
(B-16SAk3r)-  The  concentration  of  specific  antigen 
relative  to  the  total  protein  concentration  appeared  to 
be  greater  in  the  supernate  from  live  cells. 


TABLE  I.  Antibody  Response  in  Soluble 
ANTiGEN-SENsmzED  C57BI/6J  Mice. 

Antibody  titei^ 

Sensitizing  antigen* 

vs  B-16          vs  L-929 
cells                cells 

C57FSA 

L-929SA 
B-16SA^ 
Killed  whole  B-16  cells 

<1:10             <1:10 
<1:10                 1:640 
1:320           <1:10 
1:512             ND* 

"  As  measured  by  mixed  hemadsorption  using 
pooled  serum. 

*  All  antigen  preparations  were  given  both  sc  and  ip 
in  multiple  doses  over  a  period  of  2  months. 

^  Polyacrylamide  gel  isolated  B-16  specific  antigen. 

**  Not  done. 


Fig.  4.  Indirect  immunofluorescence  staining  of  B-16  cell  membranes  by  rabbit  anti-B-16SA  and  anti-rabbit 
gG-FITC:  Anti-B-16SA  was  absorbed  (A)  with  C57  lyophilized  saline  insoluble  tissue  powder  (B)  with  C57FSA 
C)  with  B-16  lyophilized  saline  insoluble  tissue  powder  (D)  with  B-16SA.  Magnification  x400. 
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Fig.  5.  Immunodiffusion  pattern  of  B-16SA  7%  polyacrylamide  gel.  The  approximate  positions  of  protein- 
taining  bands  in  the  gel  were  derived  by  staining  one  longitudinal  section  of  the  same  gel  which  was  tested  in 
louble  diffusion.  There  appear  to  be  two  components,  migrating  at  10-13  and  30-34  mm,  respectively,  from  the 
racking  dye  which  are  B-16  specific.  Absorption  of  the  antiserum  with  B-16  removed  this  specific  reactivity. 
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Fig.  6.  Elution  profile  of  B-16SA:  The  major  B-16  specific  antigen  eluted  in  tubes  47-51  and  the  minor 
pecific  antigen  in  tubes  47-56  on  G-150  Sephadex.  The  antigen  common  to  B-16SA  and  C57FSA  eluted  in  tubes 
(7-46.  The  antigen  which  appeared  in  L-929SA  as  well  as  B-16SA  and  C57FSA  eluted  in  tubes  32-46.  No 
intigenic  activity  was  associated  with  the  first  peak  (tubes  22-32). 
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the  antigens  were  found  to  be  soluble  in 
distilled  water  and  we  believe  that  they  may 
represent  spontaneously  shed,  soluble, 
membrane-derived  tumor-specific  antigens. 
The  B-16SA  antigen  which  also  appeared  in 
L-929SA  and  C57FSA  may  be  species-spe- 
cific, and  the  antigen  which  was  common  to 
B-16SA  and  C57FSA  but  not  present  in  L- 
929SA  may  be  an  H-2  antigen.  This  was  not 
confirmed  directly,  however. 

The  fact  that  isolated  B-16  supernatant 
antigens  can  induce  an  anti-B-16  cell  mem- 
brane antibody  in  C57BI/6J  mice  as  well  as 
in  rabbits  clearly  demonstrates  that  the  su- 
pernatant antigen  is  membrane  associated. 
We  have  reported  previously  (3)  that  the 
serum  and  renal  immune  complex  deposits 
from  mice  bearing  a  progressive  B-16  tumor 
contain  a  material  which  is  antigenically 
identical  to  the  specific  supernatant  derived 
material  and  is  smaller  than  50,000  mol  wt. 

The  relatively  small  size  of  the  superna- 
tant fluid  derived  B-16  specific  antigen(s)  in 
this  study  contrasts  with  the  mol  wt  estimate 
of  150,000-200,000  for  culture  medium  de- 
rived B-16-associated  glycoprotein  antigens 
reported  by  Bystryn  et  al.  (6).  Their  mate- 
rial was  not  entirely  B-16  specific,  however, 
as  it  also  appeared  to  some  extent  in  the 
medium  of  C57  fibroblasts.  This  material 
may  correspond  to  the  larger,  common  anti- 
gens in  our  supernatant  preparations.  Fur- 
thermore, we  were  unable  to  detect  carbo- 
hydrate associated  with  the  B-16  specific 
antigen  in  PAS  and  Alcian  blue-stained 
polyacrylamide  gels.  The  relatively  low  sen- 
sitivity of  these  stains  does  not  allow  us  to 
say  that  our  material  was  definitely  not  a 
glycoprotein,  however. 

In  vivo  release  of  a  human  melanoma 
antigen  into  tumor  cyst  fluid  and  urine  has 
been  reported  (8).  The  material  was  found 
to  be  mitogenic  for  lymphocytes  from  sev- 
eral melanoma  patients  but  not  for  normal 
human  lymphocytes.  The  soluble  human 
melanoma  antigen  was  similar  to  the  super- 
natant-derived B-16  specific  antigen  in  that 
it  showed  a  beta  mobility  in  lEP  and  its 


presence  in  urine  indicated  a  mol  wt  of  un- 
der 40,000. 

We  believe  that  the  release  of  B-16  spe- 
cific antigen  may  occur  as  a  normal  part  of 
cell  membrane  turnover  during  which  other, 
nontumor  specific  membrane  antigens  are 
also  released.  The  release  of  soluble  tumor 
antigen  in  vitro  by  living  cells  and  by  autoly- 
sis of  dead  cells  may  be  paralleled  in  v/vo; 
such  in  vivo  release  may  further  be  related 
to  the  failure  of  demonstrably  sensitized 
hosts  to  reject  their  tumors  (3). 

Summary.  Serum-free  supernatant  fluids 
from  monolayer  cultures  of  B-16  mouse 
melanoma  cells  were  found  to  contain  a  sol- 
uble membrane  associated  tumor-specific 
antigen.  The  100,000  g  supernatant  of  the 
culture  fluid  induced  an  antibody  response 
to  the  B-16  cells  both  in  rabbits  and  in  the 
mouse  strain  of  origin  (C57B1/6J). 

Similar  supernatant  fluids  derived  from 
an  unrelated  cell  line  (L-929)  or  from  nor- 
mal C57B1/6  fibroblasts  did  not  contain  the 
B-16  specific  material.  Preliminary  results 
indicate  that  the  B-16  specific  material  is  a 
protein  of  low  molecular  weight  which  is 
released  into  the  culture  fluid  chiefly  by  liv- 
ing cells  and,  to  a  lesser  extent,  by  autolys- 
ing  cells. 
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polyamines,  putrescine,  spermidine 

and  spermine  (Spm),  appear  to  be 
tous  in  animal  tissues.  The  only 
I  route  of  polyamine  biosynthesis  in 
lals  involves  the  decarboxylation  of 
ine  to  form  putrescine,  which  reacts 
he  /V-propylamine  moiety  of  decar- 
ited  5-adenosylmethionine  to  form 
idine,  and  in  a  similar  manner  spermi- 
^acts  with  decarboxylated  5-adenosyl- 
)nine  to  form  spermine.  Although  the 
logical  role  of  these  cations  remains 
eluciated,  they  have  been  implicated 
(Ting  an  important  role  during  growth 
^Uular  transformation.  Their  level  in- 
s  dramatically  along  with  their  respec- 
iosynthetic  enzymes  at  the  onset  of 
s  growth  processes  (1).  Several  hor- 
.,  including  luteinizing  hormone  (2), 
iol  (3,  4),  and  testosterone  (5)  di- 

affect  polyamine  biosynthesis;  fur- 
3re,  studies  (6,  7)  indicate  that  one  or 
of  the  polyamines,  at  physiological 
itrations,  can  substitute  for  hormones 
liating  specific  biologic  responses, 
ent  clinical  reports  (8,  9)  have  dem- 
ted  that  various  neoplastic  states  are 
panied  by  increased  levels  of  tissue 
irculating  polyamines;  and,  in  some 
successful  therapy  leads  to  a  decrease 

concentration  of  these  compounds 
nother  possible  medical  application  of 
nine  determinations  relates  to  identi- 
n  of  cystic  fibrosis  homo-  and  hetero- 
:s  (10,  11).  In  particular,  our  labora- 
ibserved  that  male,  but  not  female, 
•  and  heterozygotes  for  cystic  fibrosis 
the  most  common  lethal  inherited  dis- 
ffecting  Caucasians  (12),  were  charac- 
I  by  a  significantly  higher  Spd/Spm 
in  unhydrolyzed  whole  blood  when 
red  to  control  subjects  (11).  The  ob- 
on  that  male,  but  not  female,  CF  pa- 


tients displayed  this  abnormality  is  not  con- 
sistent with  the  accepted  mode  of  inherit- 
ance of  this  genetic  disease:  i.e.,  autosomal 
recessive  inheritance  (12).  Close  inspection 
of  the  polyamine  levels  and  Spd/Spm  ratios 
from  female  controls  and  female  homo-  and 
heterozygotes  for  CF  suggested  that  their 
ratios  are  subject  to  greater  amounts  of  vari- 
ability than  male  values.  This  observation 
suggested  that  a  sex-related  hormone(s) 
may  be  influencing  the  female  Spd/Spm  ra- 
tio during  the  menstrual  cycle.  For  this  rea- 
son, we  have  examined  unhydrolyzed  whole 
blood  Spd  and  Spm  concentrations  and  Spd/ 
Spm  ratios  in  four  normal  females,  three 
normal  males,  and  one  ovariectomized  fe- 
male, over  a  period  of  4  weeks,  to  encom- 
pass the  menstrual  cycle. 

Materials  and  methods.  Subjects.  Blood 
samples  were  obtained  from  normal  volun- 
teers who  were  housed  at  the  National  Insti- 
tutes of  Health  for  the  duration  of  these 
studies.  A  routine  medical  examination 
showed  all  to  be  in  good  health.  The  ages  of 
the  normal  males  were  19,  19,  and  20.  The 
normal  females,  ages  19,  19,  19,  and  20, 
had  regular  menstrual  cycles  of  23,  27,  27, 
and  31  days.  One  of  the  four  was  placed  on 
an  oral  contraceptive  containing  1  mg  of 
ethynodiol  diacetate  and  50  ^ig  of  ethinyl 
estradiol  (Demulen,  Searle  &  Co.,  Chicago) 
30  days  after  the  initial  studies,  and  her  Spd 
and  Spm  concentrations  were  determined 
for  an  additional  22  days. 

The  ovariectomized  female  available  for 
these  studies  was  25-yr  old,  in  good  health, 
and  not  taking  hormonal  supplements.  Six- 
teen months  previously,  she  had  been  found 
to  have  a  differentiated  adenocarcinoma  of 
the  endometrium  and  shortly  thereafter  un- 
derwent total  abdominal  hysterectomy,  bi- 
lateral salpingo-oophorectomy,  and  appen- 
dectomy. 
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Poly  amine  extraction.  Whole  blood  was 
obtained  in  a  fasting  state  from  all  the  indi- 
viduals and  extracted  within  30  min  of  col- 
lection. Extraction  of  whole  blood  polya- 
mines  was  carried  out  as  follows,  using  plas- 
tic containers  when  possible.  Whole  blood 
(10  ml)  was  drawn  into  a  syringe  containing 
1.0  ml  of  3.0%  sodium  citrate,  mixed, 
added  to  10  ml  of  3.0%  HCIO4,  allowed  to 
stand  at  5""  for  20  min  and  centrifuged  at 
4500  g  for  20  min.  The  supernatant  was 
decanted  and  stored,  and  the  pellet  re-ex- 
tracted as  above.  The  supematants  were 
pooled,  then  neutralized  with  4  N  KOH  and 
stored  at  4**  for  16  hr.  After  decanting,  2.0 
ml  of  3.0%  sulfosalicylic  acid  was  added  (to 
assure  precipitation  of  any  residual  protein), 
the  resulting  precipitate  removed  by  10,000 
g  centrifugation,  and  the  extract  concen- 
trated to  dryness  by  lyophilization.  Samples 
were  then  resuspended  in  2.0  ml  of  sodium 
citrate  buffer  (pH  2.2,  0.2  M)  and  centri- 
fuged at  4500  g  for  10  min  to  remove  resid- 
ual KCIO4.  Previous  studies  using  [*^C]Spd 
and  [*^C]Spm,  added  to  whole  blood  and 
carried  through  the  extraction  procedure, 
had  shown  that  recoveries  averaged  66% 
and  varied  by  less  than  5%  for  either  polya- 
mine. 

It  should  be  noted  that  '*polyamines"  in 
this  study  refer  to  free,  as  opposed  to  total, 
blood  polyamines  which  would  also  include 
those  known  to  be  covalently  bound.  Deter- 
mination of  total  blood  polyamines  requires 
acid  hydrolysis  with  6  N  HCI  at  110  c  or  a 
similar  procedure  and  is  the  technique  most 
often  utilized  when  studying  polyamine  con- 
centrations in  fluids  from  cancer  patients 
(1).  We  have  elected  not  to  hydrolyze  in 


view  of  the  following:  (i)  the  original  obser- 
vation that  polyamine  levels  are  abnormal  in 
the  blood  of  cystic  fibrosis  patients  was 
made  on  unhydrolyzed  blood  (10);  (ii)  our 
subsequent  conformation  of  the  original  ob- 
servation was  made  on  unhydrolyzed  blood 
(11);  and  (iii)  the  initial  suggestion  that 
blood  polyamine  levels  may  fluctuate  in  fe- 
males was  obatined  on  unhydrolyzed  blood. 

Polyamine  separation  and  quantification. 
Polyamines  were  separated  and  quantitated 
using  a  KCI-potassium  citrate  H2O  buffer, 
as  previously  described  (13).  Of  the  above 
supernatant,  0.5  ml  (equivalent  to  2.5  ml 
whole  blood)  was  applied  to  an  amino  acid 
analyzer  column  (0.9  x  23  cm),  containing 
PA-35  resin  (Beckman  Instrument  Co., 
Palo  Alto,  Calif.).  Replicate  samples  rou- 
tinely showed  greater  than  95%  agreement 
between  runs. 

Hormone  determination.  Plasma  samples 
collected  at  the  same  time  as  whole  blood 
samples  for  polyamine  determinations  were 
analyzed  for  estradiol  and  progesterone  by 
Bio-Science  Laboratories  (Van  Nuys, 
Calif.). 

Statistics.  Female  Spd/Spm  ratios  ap- 
peared to  be  cyclic  in  nature,  suggesting  that 
it  may  be  unreasonable  to  assume  that  an 
individual  female  ratio  belongs  to  a  known 
frequency  distribution,  thereby  precluding 
the  use  of  a  parametric  test  for  statistical 
comparison  of  male  to  female  ratios.  To 
compare  female  to  male  ratio  variance  we 
have  used  the  Wilcoxon-Mann- Whitney  U 
test,  a  nonparametric  test. 

Results.  Male  ratios  and  concentrations. 
Male  Spd/Spm  ratios  and  concentrations  are 
shown  in  Fig.  lA  and  B,  respectively.  The 
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Fig.   1 .  (A)  Male  Spd/Spm  ratio  profiles.  The  shaded  areas  indicate  the  cumulated  1  SD  interval  obtained  for 
Males  I,  II,  and  III.  (B)  Male  Spd  (-0-)  and  Spm  (-•-)  concentrations. 
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in  and  1  SD  for  the  cumulated  (n  =  22) 
e  ratios  is  1.14  ±0.11.  Of  the  22  indi- 
lal  male  ratios,  all  but  one  fell  within  the 
5  interval.  Although  showing  more  flue- 
ion  than  their  respective  ratios,  the  ac- 

Spd  and  Spm  concentrations  (Fig.  IB) 
ear  to  be  stable  for  a  given  individual, 
vever,  unlike  the  individual  ratios, 
ch  varied  little  from  one  male  to  the  next 
are  similar  to  our  previous  results  (11), 
individual  Spd  and  Spm  concentrations 
ed  from  one  male  to  the  next  (Fig.  IB), 
example,  the  mean  ±  SE  for  Spd  con- 
trations  of  Male  I  and  Male  III  were 
S  ±  0.25  and  13.69  ±  0.67  nmole/ml, 
>€ctively. 

ormal  female  ratios  and  concentrations. 
ontrast  to  the  male  Spd/Spm  ratios,  the 
"  normal  females  showed  substantial 
tuation  in  their  ratios  (Figs.  2 A  and  3 A) 

when  compared  to  male  values  were 
id  to  be  significantly  different  (P  < 
19),  The  mean  cumulative  (n  =  36)  fe- 
e  ratio  is  1.34  ±  0.25.  Eighteen  (64%) 
he  female  ratios  fell  above  the  1  SD 
rval  for  males  (shaded  areas.  Figs.  3 A 
4A)  and  11  (39%)  were  greater  than  3 
However,  only  two  ratios  fell  below  the 
5  1  SD  interval. 

gure  2B  provides  the  estradiol  and  pro- 
srone  levels  determined  for  three  of  the 


normal  females.  The  highest  values  ob- 
tained for  the  midcycle  peak  of  estrogen  and 
the  progesterone  surge  are  indicated  by  ver- 
tical solid  lines  and  hatched  lines,  respec- 
tively (Fig.  2B).  Female  ratios  appear  to  rise 
at  some  point  after  the  last  day  of  menses 
and  fall  before  the  onset  of  the  next  men- 
strual cycle .  As  was  typical  of  the  male  Spd 
and  Spm  concentrations  (Fig.  IB),  the  fe- 
male Spd  and  Spm  concentrations  (Fig.  2C) 
varied  from  one  individual  to  the  next. 
However,  unlike  the  individual  male  con- 
centrations, which  appear  to  be  stable  over 
the  period  of  the  study,  individual  females, 
when  compared  to  males,  show  a  high  de- 
gree of  fluctuation  from  one  sampling  to  the 
next. 

Female  receiving  oral  contraceptives.  The 
Spd/Spm  ratios  of  a  fourth  normal  woman 
were  determined  for  a  period  of  32  days, 
after  which  she  was  placed  on  the  oral  con- 
traceptive Demulen  and  the  Spd/Spm  ratios 
determined  for  an  additional  22  days.  Ra- 
tios before  receiving  the  oral  contraceptive 
(Fig.  3A)  had  the  same  appearance  as  the 
other  three  women's  (Fig.  2 A)  and  were 
characteristic  of  an  increase  well  above  the 
male  1  SD  (shaded  area  Fig.  3A).  As 
shown,  this  increase  occurred  approx  15 
days  after  the  first  day  of  menses  and  fell 
substantially  at  about  Day  20.  After  receiv- 


FEMALED 


DAYS  Of  MENSCS 

G.  2.  (A)  Female  Spd/Spm  ratio  patterns  with  male  cumulated  1  SD  interval  indicated  (shaded  areas).  Day  1 
s  the  first  day  of  menses.  (B)  Plasma  estradiol  (-0-)  and  progesterone  (-•-)  levels.  The  highest  values 
ned  for  the  first  estradiol  peak  and  the  highest  value  obtained  for  progesterone  during  the  menstrual  cycle  are 
itcd  by  the  vertical  solid  and  hatched  lines,  respectively.  (C)  Female  Spd  (-0-)  and  Spm  (-•-)  concentrations. 
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Fig.  3.  (A)  Female  Spd/Spm  ratio  profile  before 
receiving  oral  contraceptive.  Day  1  equals  first  day  of 
menses.  The  shaded  area  indicates  the  cumulated  male 
1  SD  interval.  (B)  Female  Spd/Spm  ratio  profile  after 
receiving  oral  contraceptive  (shaded  area  as  in  A). 


20 


24 


12  16 

DAYS 

Fig.  4.  Ovariectomized  female  Spd/Spm  ratio  pat- 
tern. The  shaded  area  indicates  the  cumulated  male  1 
SD  interval. 

ing  the  oral  contraceptive,  however,  her  ra- 
tio pattern  showed  very  little  fluctuation: 
the  characteristic  flnding  obtained  with 
males  (Fig.  lA).  The  mean  Spd/Spm  ratio, 
as  well  as  the  SEM  (a  reflection  of  ratio 
variance),  while  on  hormonal  supplements, 
was  significantly  (P  <  0.02)  lower  than  the 
mean  figure  ±  SEM  obtained  in  the  first 
study  (0.99  ±  0.08  vs  1.25  ±  0.19,  respec- 
tively). 
Ovariectomized  female  ratios.  The  Spd/ 


Spm  ratios  obtained  for  an  ovariectomized 
woman  are  provided  in  Fig.  4.  Unlike  the 
noraml  women,  the  ovariectomized  woman 
showed  very  little  fluctuation  and  provided 
a  Spd/Spm  ratio  pattern  similar  to  the 
males'.  Only  one  of  the  Spd/Spm  ratios  ob- 
tained for  the  ovariectomized  woman  fell 
outside  the  1  SD  interval  for  men  (shaded 
area,  Fig.  4)  and  it  came  close  to  being 
within  this  interval. 

Discussion.  These  studies  demonstrate 
that  over  extended  periods  of  time,  blood 
samples  from  normal  women  exhibit  a 
higher  Spd/Spm  ratio  variance  than  to  speci- 
mens from  men.  The  increased  variance  ap- 
pears to  be  a  reflection  of  the  variation  dur- 
ing the  menstrual  cycle,  suggesting  that  a 
sex-related  hormone(s)  influences  whole 
blood  Spd  and  Spm  concentrations. 

This  is  also  supported  by  the  observations 
that:  (i)  a  woman  who  possessed  a  Spd/Spm 
ratio  pattern  characteristic  of  three  other 
women  assumed  a  male  ratio  profile  after 
taking  an  oral  contraceptive  containing  a 
progesterone  analog  as  the  active  ingredi- 
ent, and  (ii)  an  ovariectomized  woman  ex- 
hibited a  Spd/Spm  ratio  profile  very  similar 
to  men's. 

Our  findings  suggesting  an  interrelation- 
ship between  hormones  and  polyamines  are 
in  keeping  with  previous  studies:  (i)  admin- 
istration of  17-/3-estradiol  leads  to  increased 
putrescine,  spermidine,  and  spermine,  as 
well  as  their  respective  biosynthetic  en- 
zymes in  castrated  rat  uterus  (3);  (ii)  cas- 
trated rats  are  characterized  by  a  marked 
reduction  in  polyamine  concentrations  as 
well  as  biosynthetic  enzymes  in  ventral  pros- 
tate, all  of  which  increase  after  injection  of 
testosterone  propionate  (5);  (iii)  in  rat 
ovary,  luteinizing  hormone  and  human  cho- 
rionic gonadotropin  stimulate  the  first  and 
rate-limiting  enzyme  in  polyamine  biosyn- 
thesis, ornithine  decarboxylase  (2);  (iv)  re- 
cent data  suggest  that  ornithine  decarboxyl- 
ase may,  in  part,  be  regulated  by  cyclic 
AMP  (14);  (v)  spermidine,  at  physiological 
concentrations,  can  substitute  for  glucocor- 
ticoid in  promoting  milk  production  in  cul- 
tured mammary  cells  (6);  and  (vi)  spermine 
and  spermidine  can  mimic  the  action  of  in- 
sulin toward  lipid  and  glucose  metabolism  in 
cultured  adipose  tissue  cells  (7). 

It  has  been  shown  that  polyamine  concen- 
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ns  are  elevated  in  the  blood  and  urine 
ividuals  with  a  variety  of  different  neo- 

(8,  9)  and  that  the  poly  amine  levels 
»e  upon  remission  (9).  These  observa- 
have  prompted  speculation  concerning 
tilization  of  polyamine  measurements 
index  of  malignant  disease  (9,  IS).  In 
ion  to  abnormal  levels  in  cancer,  other 
^d  states  such  as  cystic  fibrosis  (11) 
polycythemia  vera  (16)  appear  to  be 
iated  with  aberrant  blood  unbound 
mine  concentrations  and/or  Spd/Spm 
..  An  inherent  requirement  of  utilizing 
cific  metabolite  as  a  diagnostic  tool,  is 
the  normal  population  be  clearly  de- 
.  Our  data  suggest  that  major  differ- 
exist  with  respect  to  whole  blood  Spd/ 
ratios  and  concentrations  in  men,  as 
ared  to  women.  Since  female  values 
ate  to  a  greater  extent,  it  appears  nec- 
f  to  measure  blood  polyamines  in 
m  at  a  specific  time  in  the  menstrual 
if  valid  data  for  clinical  diagnoses  are 

obtained.  Men,  on  the  other  hand, 
nearly  constant  Spd/Spm  ratios  over 
ded  periods  of  time,  suggesting  that 
inal  polyamines  in  whole  blood  may 
eful  in  the  diagnosis,  or  in  following 
inical  course,  of  some  maladies  such  as 
r  and  cystic  fibrosis, 
ally,  in  view  of  the  fact  (1)  that  polya- 
.  exist  in  covalently  bound  as  well  as 
Drms,  it  will  be  of  interest  to  determine 

magnitude  of  polyamine  concentra- 
and  spermidine/spermine  ratio  fluctua- 
observed  in  females  during  these  stud- 
1  unhydrolyzed  samples  are  even  more 
tunced  after  hydrolyzing  samples.  If 
appears  evident  that  the  time  samples 
btained  from  female  cancer  patients 
ontrol  subjects  for  polyamine  analysis 
be  coordinated  with  specific  times  in 
enstrual  cycle. 
tmary.     Perchloric     acid-extractable 

blood  spermidine  and  spermine  con- 
itions  were  determined  over  a  4-week 
1  in  three  men,  four  women,  and  one 
ictomized  woman.  Individual  male 
idine/spermine  ratios  showed  little 
ation  and  similar  values  were  obtained 
ch  of  the  three  males  studied.  Male 
idine  and  spermine  concentrations,  al- 
1  stable  for  each  male,  varied  from 
ibject  to  the  next.  Individual  female 


spermidine/spermine  ratios,  as  well  as  indi- 
vidual concentrations,  fluctuated  substan- 
tially when  compared  to  those  values  ob- 
tained for  males;  female  ratios  appear  to 
rise  and  fall  as  a  function  of  the  menstrual 
cycle.  The  spermidine/spermine  ratios  ob- 
tained from  a  normal  female  receiving  oral 
contraceptive,  as  well  as  those  from  an 
ovariectomized  female,  were  characteristic 
of  values  obtained  from  men .  It  is  suggested 
that  a  sex-related  hormone(s)  influences 
both  the  spermidine/spermine  ratio  and 
spermidine  and  spermine  concentrations  in 
females. 
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Shemesh  and  Hansel  (1)  reported  that 
changes  in  the  concentration  of  testosterone 
in  bovine  jugular  vein  plasma  are  quite  simi- 
lar to  those  that  occur  in  plasma  estrogen 
concentrations  during  the  estrous  cycle. 
These  changes  include  a  marked  rise  in 
plasma  testosterone  concentration  during 
proestrus  immediately  following  the  decline 
in  plasma  progesterone  levels.  Evidence 
that  the  mammalian  ovary  secretes  andro- 
gens was  first  provided  by  Hill  (2).  Hilliard 
et  al.  (3)  reported  that  rabbit  ovaries  can 
produce  androgens  in  vivo,  as  has  been 
shown  in  vitro  (4).  The  secretion  of  andro- 
gen, estradiol,  and  progesterone  into  the 
blood  of  the  ovarian  vein  of  sheep  is  signifi- 
cantly increased  by  injection  of  gonadotro- 
pins; the  steroid  levels  begin  to  rise  within 
30  min  of  injection  (5).  It  was  also  found  by 
Shemesh  and  Hansel  (6),  that  arachidonic 
acid  injected  into  the  bovine  corpus  luteum 
in  vivo  was  converted  into  prostaglandin  F 
and  that  the  large  amounts  of  prostaglandin 
F  produced  in  this  way  resulted  in  elevated 
plasma  estrogen  concentrations. 

The  present  investigation  was  undertaken 
to  measure  testosterone  production  by  the 
isolated  bovine  follicular  tissue  and  to  deter- 
mine the  effects  of  exogenous  LH  and 
PGF2a  on  this  production.  Estrogen  and 
progesterone  production  were  also  exam- 
ined to  ascertain  whether  changes  in  andro- 
gen biosynthesis  are  accompanied  by 
changes  in  synthesis  of  these  steroids. 

Materials  and  methods.  Animals  and  tis- 
sues. Ovaries  were  removed  from  four  nor- 
mal Holstein  heifers  at  the  16th  or  17th  day 
of  their  estrous  cycles  through  flank  laparot- 
omies made  under  local  anesthesia.  All  fol- 
licles, ranging  in  size  from  0.4  to  1  cm  in 
diameter,  were  dissected  free,  minced, 
pooled  between  ovaries,  and  incubated  in 
Krebs-Ringer  bicarbonate  buffer  at  37**  for 
2  hr  as  described  by  Hansel  (7).  Most  of  the 
follicles  minced  were  small  (approx  0.4-0.6 


cm  in  diameter).  However,  ovaries  from 
each  animal  contained  one  or  more  large 
(approx  1.0  cm)  follicles.  Five  incubation 
vessels  were  used  for  each  treatment  for 
each  animal.  Samples  were  frozen  on  Dr)' 
Ice  at  the  end  of  each  incubation.  Each 
vessel  contained  SO  mg  of  follicular  tissue 
and  the  stimulatory  levels  of  LH  (LH-B13, 
5  fig/ml)  or  PGF2a  Tham  salt  (5  ptg/ml). 
Previous  work  has  shown  that  these  levels  of 
LH  and  POFgcr  will  cause  maximum  stimu- 
lation of  progesterone  biosynthesis  in  bo- 
vine luteal  tissue  slices  (8). 

Extractions,  The  samples  were  thawed, 
homogenized,  and  methanol  was  added  to  a 
concentration  of  60% .  Approximately  5000 
cpm  each  of  tritiated  estradiol,  estrone,  pro- 
gesterone, and  testosterone  (80-110  Ci/ 
mmole;  New  England  Nuclear)  were  added 
to  each  vessel.  The  homogenate  was  then 
transferred  to  stainless  steel  centrifuge  tubes 
with  repeated  washings  of  60%  ethanol. 
The  homogenate  was  shaken  for  3  hr  and 
stored  overnight  at  -18**.  The  tubes  were 
then  spun  in  a  refrigerated  centrifuge  at  ap- 
prox 20 ,000  g  for  45  min  to  remove  precipi- 
tated protein  and  lipid.  The  supernatant  was 
collected  and  taken  to  dryness  on  a  rotary 
evaporator.  The  residue  was  dissolved  in  1 
ml  of  ethanol  and  transferred  with  repeated 
50-ml  washings  of  benzene  and  light  petro- 
leum (1:1)  to  a  separatory  funnel.  The  ben- 
zene :light  petroleum  solution  was  extracted 
twice  with  25  ml  of  0.4  NaOH  to  yield  a 
phenolic  fraction.  The  combined  alkali  ex- 
tracts were  acidified  with  HCl  and  extracted 
with  ether  (3  x  25  ml).  The  ether  was 
washed  with  water  (2  x  l/20th  vol)  to  neu- 
trality. After  removal  of  the  organic  sol- 
vents the  residues  were  each  transferred 
with  4  ml  of  ethanol  into  small  test  tubes 
and  dried  under  N2  at  45**.  The  remaining 
benzene:  light  petroleum  solution  was 
washed  with  water  and  the  organic  phase 
was  dried  in  a  rotary  evaporator.  The  resi- 
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vas  transferred  to  a  test  tube  with 
ol  and  dried  under  N2  at  45**. 
'omatography.  Column  chromatogra- 
»f  the  estrogens  was  accomplished  on 
»dex-LH  20  with  benzene: methanol 
0).  The  neutral  steroids,  progesterone, 
jstosterone  were  also  separated  by  col- 
chromatography  on  Sephadex-LH  20 
hexane:benzene:methanol  (90:10: 
as  described  by  Carr  et  aL  (9).  The 
ge  recoveries  of  known  amounts  added 
replicates  were  (mean  ±  SE)  91  ±  8% 
trone,  72  ±  13%  for  estradiol,  87  ± 
or  progesterone,  and  76  ±  9%  for 
terone. 

Uoimmunoassays.  The  method  of 
mkamp  and  Hansel  (10)  was  em- 
d  for  the  estrogen  assays.  The  method 
bed  by  Hixon  etal.  (11)  was  employed 
progesterone  radioimmunoassay  and 
f  Shemesh  and  Hansel  (1 )  was  used  for 
terone  radioimmunoassay. 
'istics.  The  data  were  subjected  to 
sis  of  variance  and  least  significant  dif- 
:es  were  determined  by  Tukey's  hsd 
>d(12). 

ults  and  discussion,  the  effects  of  add- 
H  or  PGFgOf  to  the  incubation  media 
ithesis  of  testosterone  by  bovine  follic- 
issue  are  shown  in  Fig.  1.  Incubation 
failed  to  cause  an  increase  in  testoster- 
[P  >  0.05).  Additions  of  LH  and 
a  each  caused  increased  testosterone 
jsis  (P  <  0.01  and  P  <  0.01,  respec- 
).  Estradiol  synthesis  (Fig.  1)  was  also 
lated  by  addition  of  LH  (P  <  0.01), 
'nthesis  due  to  addition  of  PGFzor  was 
atistically  significant  (P  >  0.05).  Es- 
synthesis  was  increased  from  6  to  9 
)y  addition  of  LH  and  from  6  to  10  ng/ 
^GF2a,  but  neither  increase  was  signifi- 
P  >  0.05).  The  effects  of  LH  and  PGF 
vitro  synthesis  of  progesterone  by  bo- 
oUicular  tissues  are  also  shown  in  Fig. 
ere  was  no  increase  in  progesterone 
^sis  due  to  incubation  alone,  addition 
[,  or  addition  of  FGEga  (P  >  0.05). 
jse  results  show  that  bovine  follicles  at 
5th  or  17lh  day  of  the  estrous  cycle 
in  appreciable  testosterone  (12.1  ng/ 
tradiol  (4.4  ng/g),  and  progesterone 
ig/g).  Both  LH  and  PGFgcr  stimulated 


issrr  ^ 
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Fig.  1.  Mean  testosterone,  estradiol  17/3,  and  pro- 
gesterone biosynthesis  by  bovine  follicular  tissue  incu- 
bated alone  and  with  added  PGFsa  and  LH.  Vertical 
lines  represent  standard  errors  of  the  means. 

the  synthesis  of  relatively  large  amounts  of 
testosterone  and  estradiol  synthesis  was 
stimulated  by  LH.  Increased  plasma  estra- 
diol levels  noted  in  previous  experiments 
following  intrauterine  administration  of 
PGFgOf  (11)  and  intraovarian  administration 
of  arachidonic  acid  (6),  suggest  that  PGFacr 
stimulates  estrogen  production  by  the  folli- 
cle, even  though  the  stimulated  estradiol 
synthesis  in  this  experiment  was  not  statisti- 
cally significant.  The  failure  of  LH  or 
PGFz^  to  stimulate  in  vitro  progesterone 
synthesis  may  have  reflected  rapid  conver- 
sion of  progesterone  into  testosterone. 

The  high  level  of  testosterone  found  and 
its  stimulation  by  either  LH  or  FGEzcr  are  in 
keeping  with  the  high  peripheral  plasma  tes- 
tosterone levels  found  in  the  cow  before  the 
onset  of  estrus  (1).  Lindsay  and  Robinson 
(13)  and  Shemesh  et  al.  (14)  suggested  the 
possible  estrus-inducing  activity  of  testoster- 
one and  other  androgens.  However,  it  is  not 
clear  whether  testosterone  per  se,  plays  a 
role  in  the  complete  manifestation  of  estrus. 
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or  whether  it  serves  only  as  a  precursor  for 
estrogen.  Recent  evidence  obtained  for  an- 
drogen-insensitive  mice  suggests  that  andro- 
gens may  be  needed  for  normal  ovarian 
function  (15).  Rao  (16)  reported  that  tes- 
tosterone and  dihydrotestosterone  en- 
hanced pH]PGEi  binding  to  bovine  corpus 
luteum  cell  membranes,  but  estradiol- 17)3 
and  estrone  inhibited  binding. 

The  precursors  of  the  testosterone  synthe- 
sized in  response  to  LH  and  PGF2a  remain 
questionable.  It  is  possible  that  the  precur- 
sor is  progesterone,  since  progesterone  val- 
ues did  not  increase  concomitantly  with  the 
testosterone  increase.  On  the  other  hand, 
one  would  expect  a  significant  rise  in  pro- 
gesterone biosynthesis,  as  demonstrated  by 
Stoklosowa  and  Nalbandov  (17)  and  others 
in  rat  follicular  tissue  cultures.  It  is  possible 
that  the  A^  pathway  for  testosterone  synthe- 
sis through  progesterone  was  activated,  but 
one  cannot  rule  out  the  possibility  that  the 
A*  pathway  for  testosterone  synthesis  exists 
in  the  bovine  follicle.  Existence  of  the  A^ 
pathway  could  also  explain  the  lack  of  pro- 
gesterone stimulation  by  LH  and  PGF2a. 
YoungLai  (18)  suggested  that  A*  andros- 
tene-3)3,  17-diol  may  be  a  logical  precursor 
in  rabbit  follicles.  Stoklosowa  and  Nalban- 
dov (17)  reported  that  10  ng  of  LH  was  able 
to  cause  maximal  progesterone  synthesis  in 
rat  follicular  tissue  cultures,  while  10  times 
that  amount  of  LH  was  required  for  maxi- 
mal estrogen  synthesis.  The  higher  level  did 
not  increase  the  rate  of  progesterone  syn- 
thesis. Thus,  the  high  level  of  LH  we  used  in 
the  present  study  might  explain  the  data 
obtained. 

LH  can  terminate  estrogen  secretion  and 
promote  progestin  secretion  in  the  estrous 
rat  (19).  Thus,  the  high  levels  of  LH  used 
could  have  inhibited  the  aromatizing  sys- 
tem. In  the  rat,  the  aromatizing  system  is 
located  in  the  granulosa  cells  and  is  specifi- 
cally stimulated  by  FSH  (20).  Moor  et  al. 
(21)  indicated  that  whole  sheep  ovarian  fol- 
licles less  than  4.5  mm  in  diameter  secreted 
considerable  estrogen  during  the  first  5  days 
of  culture,  but  produced  only  small  quanti- 
ties of  progesterone.  Most  follicles  ex- 
planted  at  estrus  produced  only  small 
amounts  of  estrogen  in  vitro,  but  synthe- 
tized  large  amounts  of  progesterone.  In  vi- 


tro studies  indicate  that  follicles  may  con- 
tribute to  preovulatory  progestin  secretion 
in  the  rat  (17),  and  in  vivo  studies  suggest 
that  the  same  is  true  for  the  rabbit  (22)  and 
hamster  (23). 

Summary.  Ovarian  follicles  isolated  from 
bovine  ovaries  at  the  16th  and  17th  days  of 
the  estrous  cycle  were  minced,  pooled,  and 
incubated  in  Krebs-Ringer  bicarbonate 
buffer  at  37°  for  2  hr.  Samples  were  ana- 
lyzed for  testosterone,  estrogens,  and  pro- 
gesterone by  radioimmunoassays.  Incuba- 
tion alone  failed  to  cause  an  increase  in 
testosterone  (12.1  vs  29.3  ng/g  of  tissue;/* 
>  0.05).  Additions  of  5  /xg/ml  of  bovine  LH 
or  prostaglandin  F2a  caused  increases  in  tes- 
tosterone synthesis  to  125.0  (P  <  0.01)  and 
103  ng/g  (P  <  0.01).  Estradiol  synthesis 
was  also  stimulated  by  LH  (P  <  0.01). 
However,  stimulation  due  to  addition  of 
PGF2a  (5.1  to  15  ng/g)  was  not  significant 
(P  >  0.05).  PGFza  also  caused  a  slight  but 
nonsignificant  increase  in  estrone  secretion. 
Incubation  failed  to  increase  the  progester- 
one concentration  (623  vs  774  ng/g  of  tis- 
sue; P  >  0.05).  There  was  no  increase  in 
progesterone  synthesis  due  to  addition  of 
either  LH  or  PGFja  (P  >  0.05).  The  results 
show  that  bovine  follicles  produce  much 
more  testosterone  than  estrogen  and  that 
both  LH  and  FGFaa  significantly  stimulate 
testosterone  synthesis  in  bovine  follicular 
tissue  without  increasing  net  progesterone 
biosynthesis. 
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Chronic  administration  of  antithyroid 
drugs  lowers  circulating  thyroid  hormone  by 
blocking  synthesis  of  thyroid  hormones  and 
thus  produces  goiter  by  augmenting  thyro- 
tropin (TSH)'  secretion  from  the  pituitary 
(1,  2).  Although  a  single  injection  of  anti- 
thyroid drug  can  block  hormone  synthesis 
within  a  few  minutes,  it  is  not  known  how 
soon  pituitary  release  of  TSH  increases  in 
response  to  antithyroid  drugs.  Thyroidal  ra- 
dioiodine release  can  be  used  as  a  sensitive 
measure  of  changes  in  TSH  secretion  (3).  It 
is  accelerated  shortly  after  TSH  (3)  or  small 
doses  of  propylthiouracil  (PTU).  Since 
blood  TSH  increased  24  hr  after  a  single 
injection  of  PTU,  and  since  blood  PBI  was 
normal  during  this  period,  Escobar  et  al,  (4) 
hypothesized  that  PTU  augmented  TSH  se- 
cretion by  inhibiting  deiodination  of  thyrox- 
ine (T4)  and  reducing  negative  feedback,  an 
argument  requiring  the  assumption  that 
deiodination  of  T4  is  an  obligatory  step  in  its 
action. 

While  we  were  studying  some  aspects  of 
this  hypothesis  in  rats,  we  incidentally  found 
that  large  doses  of  PTU  and  methimazole 
(MMI)  failed  to  augment  thyroidal  radioio- 
dine release  for  a  period  of  29  to  34  hr.  This 
is  unexpected  finding,  since  thyroidal  radioi- 
odine release  is  accelerated  when  recircula- 
tion of  iodide  is  blocked,  and  since  large 
doses  of  goitrogens  are  required  to  inhibit 
recirculation  of  iodide  to  monoiodotyrosine 
(1).  A  number  of  studies  were  thus  per- 
formed to  shed  some  light  on  this  unex- 
pected finding. 

Materials  and  methods.  One-hundred- 
thirty-six  male  Wistar  rats,  weighing  150  to 
200  g,  and  72  male  DDY  mice,  weighing  20 
to  30  g,  were  used  in  this  experiment.  The 
animals  were  fed  a  Remington  low  iodine 


diet  (LID)  or  a  moderately  low  iodine  diet^ 
(MLID)  beginning  7  to  14  days  before  radi- 
oiodine injection.  Beginning  28  to  48  hr 
after  the  injection  of  20  /xCi  of  '^'I,  thyroi- 
dal radioiodine  release  was  measured,  with 
or  without  injection  of  anti-thyroid  drugs 
(5).  In  Experiment  3,  blood  was  obtained 
by  cardiac  puncture  to  measure  plasma 
TSH,  '3'r  and  PB*^'  I  during  measurement 
of  thyroidal  radioiodine  release.  Plasma 
TSH  was  measured  according  to  the  Mc- 
Kenzie  (3)  method,  and  plasma  ''*!"  and 
pgiaij  ^gfg  measured  by  the  trichloroacetic 
acid  precipitation  technique  reported  previ- 
ously (6).  In  Experiment  5,  the  McKenzie 
method  was  also  used  to  assess  thyroidal 
response  to  exogenous  TSH.  The  data  were 
analyzed  for  statistical  significance  by  the 
Student's  t  test.  The  P  value  less  than  0.05 
was  considered  statistically  significant. 

Results.  Experiment  1.  Effects  of  graded 
doses  of  methimazole  (MMI)  on  thyroidal 
radioiodine  release  in  rats  fed  a  low  iodine 
diet.  For  the  first  60  hr,  three  groups  of 
eight  animals  each  received  saline  (0.5  ml) 
ip  once  daily.  The  half-life  of  thyroidal  ra- 
dioactivity during  this  period  ranged  from 
51  to  56  hr,  without  a  significant  difference 
among  the  groups  (Fig.  1).  Seven  to  nine 
hours  after  the  administration  of  MMI  (7  or 
15  mg),  an  increase  of  thyroidal  radioiodine 
release  was  found  in  all  animals.  However, 
when  40  mg  of  MMI  was  administered,  a 
latency  of  29  hr  was  found  before  any  in- 
crease of  thyroidal  radioiodine  release  could 
be  detected.  After  the  increase  of  radioio- 
dine release,  no  difference  in  half-life  of 
thyroidal  radioactivity  was  found  among  the 
three  groups. 

Experiment  2.  Effects  of  graded  doses  of 
propylthiouracil  (PTU)  on  thyroidal  radioio- 


'  TSH,  Armour  Thylropar. 


*  Composition  of  this  diet  was  shown  in  Endocrinol- 
ogy 79,  138  (1966). 
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Fig.  1.  Typical  curve  of  thyroidal  radioiodine 
release  before  and  after  methimazole.  In  this  and  sub- 
sequent figures:  H.L.,  half-life  of  thyroidal  radioactiv- 
ity; latency,  hours  elapsed  before  an  increase  of  thyroid 
secretion  was  detected;  MMI,  methimazole. 

dine  release  in  rats  fed  a  low  iodine  diet.  For 
the  first  60  hr,  four  groups  of  eight  animals 
each  received  gelatin  solution  (2%)  sc  daily. 
There  was  no  significant  difference  in  the 
thyroidal  release  among  them  (Fig.  2). 
When  1  or  5  mg  of  PTU  was  administered,  a 
marked  increase  of  thyroidal  radioiodine 
release  occurred  immediately  after  the 
PTU.  However,  only  a  smaller  increase  of 
secretion  occurred  with  30  mg  of  PTU, 
which  was  followed  by  a  final  increase  30  hr 
later.  The  half-life  of  thyroidal  radioactivity 
during  intermediate  and  final  increase  was 
31  and  15  hr,  respectively.  When  60  mg  of 
PTU  was  administered,  34  hr  elapsed  be- 
fore a  significant  increase  was  detected. 
There  was  no  significant  difference  in  the 
final  release  rate  among  the  four  groups. 

Experiment  3,  Effects  of  graded  doses  of 
propylthiouracil  on  thyroidal  radioiodine 
release,  plasma  '^'J-,  PB'^^'I,  and  TSH  in 
rats  fed  a  moderately  low  iodine  diet.  In  the 
gelatin-injected  controls,  the  half-life  of  thy- 
roidal radioactivity  was  104  ±  21  hr  (mean 
±  SE)  (Fig.  3).  The  administration  of  5  mg 
of  PTU  produced  a  slight  increase  of  thyroi- 
dal radioiodine  release  with  a  half-life  of  67 
±  9  hr,  which  was  followed  by  a  final  in- 
crease 12  hr  later.  When  60  mg  of  PTU  was 
administered,  a  34-hr  latency  was  found  be- 


fore any  increase  of  thyroidal  radioiodine 
release  occurred.  The  half-life  of  thyroidal 
radioactivity  was  slightly  longer  in  the  5-mg 
PTU  group  than  in  the  60-mg  PTU  group. 
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Fig.  2.  Typical  curve  of  thyroidal  radioiodine 
release  before  and  after  propylthiouracil.  PTU,  propyl- 
thiouracil. 
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Fig.  3.  Typical  curve  of  thyroidal  radioiodine 
release  before  and  after  propylthiouracil.  Arrow  indi- 
cates injection  of  gelatin  or  PTU.  PTU,  propylthioura- 
cil. 
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Blood  was  obtained  by  cardiac  puncture 
for  plasma  iodine  analysis  and  TSH  bioas- 
say,  just  before  and  24  as  well  as  52  hr  after 
the  initial  dose  of  PTU.  As  shown  in  Fig.  4, 
plasma  PB'^4  and  '^'I"  were  fairly  constant 
throughout  the  experimental  period  in  the 
gelatin-injected  controls.  PTU  administra- 
tion produced  a  marked  increase  of  plasma 
^^'I"  and  a  slight  decrease  of  PB^^4.  As 
compared  with  the  5-mg  PTU  group,  an 
increase  of  plasma  '^*I"  in  the  60-mg  PTU 
group  was  less  at  24  hr  (P  <  0.05). 

Finally,  plasma  TSH  activity  was  meas- 
ured in  42  mice  fed  MLID  for  7  days  (Fig. 
5).  As  compared  with  the  control  plasma,  a 
marked  increase  of  plasma  radioactivity  was 
found  24  and  52  hr  after  administration  of  5 
mg  of  PTU  (P  <  0.001  at  24  hr).  An  in- 
crease of  plasma  radioactivity  was  also 
found  24  hr  after  administration  of  60  mg  of 
PTU  (control  vs  PTU  60-mg,  P  <  0.01), 
although  the  magnitude  of  the  response  was 
slightly  less  in  the  60-mg  PTU  group  than  in 
the  5-mg  PTU  group. 

Experiment  4,  Effects  of  propylthiouracil 
and  methimazole  on  thyroidal  response  to 
TSH  in  rats  treated  with  thyroxine.  In  the 
first  experiment,  27  animals  were  divided 
into  three  equal  groups  (Control,  PTU,  and 
MMI  groups)  and  were  fed  MLID  for  10 
days  before  the  experiment.  Beginning  48 


^      350 
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Fig.  4.  Blood  was  obtained  from  the  animals  in 
Fig.  3  just  before  and  24  as  well  as  52  hr  after  PTU 
administration.  PB'**I  and  '**!"  were  expressed  as  per- 
centage of  initial  plasma  radioactivity.  Circles  and  ver- 
tical lines  indicated  mean  ±  SE.  Experimental  proce- 
dures were  the  same  as  in  Fig.  3. 
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Fig.  5.  TSH  activity  of  rat  plasma,  as  judged  by 
mouse  bioassay.  Blood  was  obtained  from  rats  shown 
in  Fig.  3  just  before  and  24  as  well  as  52  hr  after  the 
administration  of  PTU.  Plasma  at  0  and  52  hr  was 
pooled  before  TSH  assay.  Circles  and  vertical  lines 
indicates  mean  ±  SE.  Statistical  analysis  at  24  hr: 
control  vs  PTU  5-mg,  P  <  0.001;  control  vs  PTU  60- 
mg,  P  <  0.01;  PTU  5-mg  vs  PTU  6a-mg,  0.05  <  ?  < 
0.1. 

hr  after  '^4  injection,  thyroidal  radioiodine 
release  was  measured  while  the  animals 
were  receiving  15  fig  of  T4  once  daily  ip. 
Thyroidal  radioiodine  release  was  exponen- 
tial but  slow  because  of  depression  olf  TSH. 
Administration  of  PTU  (5  mg)  or  MMI  (5 
mg)  once  daily  for  2  days  had  no  conse- 
quence on  thyroidal  radioiodine  release. 
With  the  last  dose  of  goitrogens,  1  U  of  TSH 
was  administered  sc.  Just  before  and  20  hr 
after  the  injection  of  TSH,  blood  was  ob- 
tained for  plasma  PB'^U  analysis.  As  shown 
in  Fig.  6  (left),  the  increase  of  plasma  PB''4 
was  less  in  the  PTU  group  than  in  gelatin- 
injected  controls  (P  <  0.02).  Such  a  depres- 
sion of  thyroidal  response  to  TSH  was 
marked  in  animals  injected  with  MMI  (PTU 
vsMMI,P<  0.01). 

In  the  second  experiment,  20  animals 
were  divided  into  two  groups  (Control  and 
PTU  60-mg  groups).  Administrations  of 
MLID,  '^4",  T4,  and  measurement  of  thy- 
roidal radioiodine  release  were  the  same  as 
in  the  first  experiment.  Administration  of 
60  mg  of  PTU  failed  to  augment  thyroidal 
radioiodine  release  under  T4.  With  the  last 
dose  of  PTU,  0.3  U  of  TSH  was  adminis- 
tered sc.  Just  before  and  4  hr  after  TSH, 
blood  was  obtained  for  '^4  analysis.  As 
shown  in  Fig.  6  (right),  the  increase  of 
plasma  PB'^'I  was  significantly  less  in  the 
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Fig.  6.  On  the  left,  1  U  of  TSH  was  injected  sc  to 
rats  treated  with  T4  (15  fig)  and  goitrogens.  Blood  was 
obtained  just  before  and  20  hr  after  TSH  injection.  On 
the  right,  0.3  U  of  TSH  was  administered  sc  to  rats 
treated  with  T4  (15  fig)  and  PTU  60  mg.  Blood  was 
obtained  just  before  and  2  hr  after  TSH  administration. 
Circles  and  vertical  lines  indicated  mean  ±  SE. 

60- mg  PTU  group  (Control  vs  60-mg  PTU, 
P  <  0.005). 

Experiment  5.  Effects  of  graded  doses  of 
propylthiouracil  or  methimazole  on  thyroi- 
dal response  to  TSH  in  mice.  Thirty  mice  fed 
MLID  for  7  days  were  used  to  measure 
thyroidal  response  to  TSH  under  the  influ- 
ence of  goitrogens.  Graded  doses  of  PTU 
(0.1,  1,  and  5  mg)or5  mgof  MMI  in  0.5  ml 
of  gelatin  (0.5%)  were  administered  ip  45 
min  before  iv  injection  of  5  mU  of  TSH. 
Blood  was  obtained  just  before  and  2  hr 
after  TSH  administration.  As  shown  in  Fig. 
7,  administration  of  TSH  produced  a 
marked  increase  of  blood  radioactivity.  Ad- 
ministration of  gelatin  had  no  effect  on  thy- 
roidal response  to  TSH.  This  increase  of 
plasma  radioactivity  was  augmented  by  0.1 
mg  of  PTU.  However,  the  thyroidal  re- 
sponse to  TSH  decreased  progressively  with 
increasing  doses  of  PTU  administered.  MMI 
apparently  depressed  thyroidal  response  to 
TSH. 

Discussion,  In  accordance  with  the  pre- 
vious studies  (4,  5),  our  present  data  indi- 
cated that  thyroidal  radioiodine  release  in- 
creased shortly  after  a  single  injection  of  1 
to  5  mg  of  PTU  into  animals  fed  LID,  and 
this  increased  rate  of  release  continued  as 
long  as  PTU  injection  was  continued.  Since 
PTU  and  MMI  failed  to  augment  thyroidal 


radioiodine  release  in  rats  treated  with  T4, 
TSH  was  essentially  linked  with  the  mani- 
festation of  this  goitrogen  effect  on  thyroi- 
dal radioiodine  release.  Escobar  et  aL  (4) 
hypothesized  that  PTU  might  cause  an  acute 
increase  of  pituitary  TSH  secretion  by 
blocking  the  deiodination  of  T4,  a  process 
presumably  required  for  the  manifestation 
of  hormonal  action.  However,  this  explana- 
tion is  not  satisfactory,  since  a  similar  in- 
crease of  thyroidal  radioiodine  release  is 
also  produced  by  moderate  doses  (7  to  15 
mg)  of  MMI  which  is  known  not  to  block 
deiodination  of  T4m  vivo  (7).  Simultaneous 
measurements  of  thyroidal  radioiodine 
release,  plasma  ^-^4"  and  plasma  PB'^'I  indi- 
cate that  a  marked  increase  of  thyroidal  *^4" 
release  is  responsible  for  an  increase  of  thy- 
roidal radioiodine  release.  Two  processes 
are  undoubtedly  involved  in  this  increased 
release  of  iodide  produced  by  goitrogens. 
First,  goitrogens  augment  thyroidal  radioio- 
dine release  by  blocking  intrathyroidal  recir- 
culation of  iodide.  Second,  iodide  release  is 
augmented  by  an  increased  secretion  of 
TSH  produced  by  a  reduction  of  thyroid 
hormone  synthesis  under  goitrogen  treat- 
ment. Since  both  processes  are  accentuated 
by  increasing  the  doses  of  goitrogen  admin- 
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Fig.  7.  Graded  doses  of  PTU  or 
gelatin  (0.5%)  were  injected  ip  45 
administration.  Blood  was  obtained 
hr  after  TSH  (5  mU)  administration. 
PTU  0.1-mg  +  TSH,  P  <  0.05;  PTU 
PTU  5-mg  +  TSH,  />  <  0.01 ;  gelatin 
mg  -h  TSH, />  <  0.05. 
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istered  (1),  it  can  be  suspected  that  thyroi- 
dal radioiodine  release  is  augmented  with 
increasing  doses  of  goitrogen  administered. 
In  contrast  to  this  speculation,  the  following 
three  unexpected  findings  were  observed. 
First,  when  30  mg  of  PTU  was  administered 
daily,  an  intermediate  increase  of  thyroidal 
radioiodine  release  appeared  shortly  after  a 
single  injection  of  PTU,  and  this  release  was 
then  followed  by  a  final  increase  30  hr  later. 
Second,  when  60  mg  of  PTU  was  adminis- 
tered, 34  hr  elapsed  before  any  increase  of 
thyroidal  radioiodine  release  was  detected. 
Finally,  when  40  mg  of  MMI  was  adminis- 
tered, 29  hr  elapsed  before  any  increase  of 
thyroid  secretion  was  detected.  Since  these 
unexpected  effects  of  goitrogens  were  short- 
lasting,  and  since  the  final  release  rate  was 
slightly  faster  in  the  30-mg  and  60-mg  PTU 
groups  than  in  the  5-mg  group,  it  seemed 
that  these  findings  were  not  simply  due  to 
general  toxic  actions  of  goitrogens. 

It  is  possible  that  large  doses  of  goitrogens 
depress  thyroidal  radioiodine  release  by  in- 
hibiting an  increased  secretion  of  TSH  in 
response  to  goitrogens.  This  is  unlikely, 
however,  since  a  possible  difference  of 
plasma  TSH  between  5-mg  and  60-mg  PTU 
group  is  too  small  to  account  for  the  ob- 
served marked  difference  of  thyroidal  radio- 
iodine release  and  plasma  *^*I".  Also,  nor- 
mal increase  of  thyroidal  radioiodine  release 
resumes  in  response  to  this  concentration  of 
TSH  after  a  certain  period  of  latency.  An 
alternative  hypothesis  would  then  be  that 
large  doses  of  goitrogens  make  the  thyroid 
less  responsive  to  TSH  for  a  certain  period. 
In  order  to  test  this  hypothesis,  we  have 
measured  thyroidal  response  to  TSH  in  rats 
and  mice  treated  with  T4.  As  shown  in  Figs. 
6  and  7,  large  doses  of  PTU  and  MMI  ap- 
parently reduced  the  effectiveness  of  TSH. 
It  is  concluded  that  large  doses  of  PTU  and 
MMI  make  the  thyroid  less  responsive  to 


TSH  for  a  certain  period  through  some  un- 
known mechanism. 

Summary,  Thyroidal  radioiodine  release 
increased  shortly  after  a  single  injection  of 
small  doses  of  PTU,  while  moderate  doses 
of  MMI  produced  a  similar  increase  of  thy- 
roidal radioiodine  release  with  a  latency  of 
7-9  hr.  Large  doses  of  PTU  and  MMI  failed 
to  augment  thyroidal  radioiodine  release  for 
at  least  29  to  34  hr  after  the  initial  adminis- 
tration of  goitrogens,  although  plasma  TSH 
increased  significantly  because  of  goitrogen 
administration.  An  increase  of  thyroid  hor- 
mone release  in  response  to  exogenous  TSH 
was  depressed  by  PTU  and  MMI  in  rats  and 
mice  treated  with  T4.  Since  this  depression 
of  TSH  action  only  continued  for  a  short 
period  in  spite  of  continuous  administration 
of  goitrogens,  and  since  final  thyroidal  radi- 
oiodine release  rate  was  similar  to  that  pro- 
duced by  small  doses  of  PTU,  the  effects 
mentioned  were  not  simply  due  to  general 
toxic  action  of  goitrogens.  It  is  suggested 
that  large  doses  of  PTU  and  MMI  not  only 
block  thyroid  hormone  synthesis  but  also 
interfere  with  the  action  of  TSH  on  thyroid 
hormone  secretion. 
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microinjection  of  hypertonic  sodium 
e  solution  into  the  third  ventricle 
latriuresis,  kaliuresis,  and  a  decline 
e  volume  in  several  species  (1-4). 
esis  also  follows  the  intraventricular 
^n  of  carbachol  (S)  or  norepinephrine 
jesting  that  adrenergic  and  choliner- 
apses  may  participate  in  the  pathway 
led  with  the  elicitation  of  central  na- 
s  and  kaliuresis.  The  mechanism  by 
these  agents  induce  increased  excre- 
'  monovalent  cations  has  not  been 
d.  To  determine  if  pituitary  or  hy po- 
le hormones  might  play  a  role  in  me- 
these  responses,  lesions  were  placed 
median  eminence  of  the  tuber  ciner- 
rats  and  the  effects  of  the  lesions  on 
x)nse  to  third-ventricular  injection  of 
mic  saline  and  norepinephrine  were 

rials  and  methods.  Male  Holtzman 
50-350  g)  were  housed  communally 
ronditions  of  controlled  temperature 
hting,  and  were  given  free  access  to 
er  and  laboratory  chow.  Using  ether 
:sia,  bilateral  electrolytic  lesions 
laced  in  the  median  eminence  region 
ithodal  current  (3  mA)  passed  for  17 
previously  described  (6).  Sham  le- 
ere  placed  by  inserting  the  electrodes 
illy  to  a  depth  of  5  mm  beneath  the 
im  without  passage  of  current.  After 
S  days  the  animals  were  anesthetized 
her  and  subjected  to  the  second  se- 
procedures  (cannulation  of  the  third 
jle,  jugular  vein,  and  urinary  blad- 
previously  described  (4).  They  were 
)r  the  experiments  1-2  days  later, 
^ater  intake  was  measured  in  sham- 
id  rats  and  those  with  median  emi- 
esions. 
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For  the  experimental  procedure,  the  ani- 
mals were  placed  in  individual  metabolic 
cages  and  an  infusion  into  the  external  jugu- 
lar vein  of  5%  dextrose  (0.19  ml/min)  was 
begun.  Urine  samples  were  collected  at  15- 
min  intervals  and  when  the  rate  of  urine 
flow  had  reached  a  plateau,  2  /xl  of  2  Af 
NaCl  or  5  /xg  of  norepinephrine  bitartrate  in 
2  /xl  of  0.9%  NaCl  were  injected  into  the 
third  ventricle.  This  was  followed  by  the 
collection  of  an  additional  six  urine  samples. 
Urine  volume  and  Na"*^  and  K"*^  were  meas- 
ured in  each  sample.  The  site  and  extent  of 
the  lesion  was  determined  by  microscopic 
examination  of  frozen  frontal  hypothalamic 
sections  cut  at  15-/xm  and  stained  with 
thionin. 

Significance  of  differences  between 
means  of  two  groups  was  determined  by 
Student's/  test. 

Results.  Effect  of  median  eminence  lesions 
on  the  response  to  hypertonic  saline.  An  in- 
crease in  the  sodium  concentration  of  the 
cerebrospinal  fluid  (CSF)  elicits  a  natri- 
uretic effect  in  the  conscious  animal  (4). 
This  effect  was  still  observed  when  hyper- 
tonic saline  (2  yAoilM  NaCl)  was  injected 
into  the  third  ventricle  in  the  animals  with 
sham  lesions  (Fig.  1);  however,  destruction 
of  the  median  eminence  region  prevented 
this  natriuresis.  Likewise,  there  was  no  in- 
crease in  potassium  excretion  following  the 
intraventricular  injection  of  hypertonic  sa- 
line into  the  rats  with  electrolytic  lesions. 
The  increase  in  CSF  sodium  concentration 
was  effective  in  producing  an  antidiuresis  in 
both  groups  although  the  degree  of  antidi- 
uresis was  significantly  greater  in  the  sham- 
operated  animals. 

Effect  of  median  eminence  lesions  on  the 
response  to  norepinephrine.  Third  ventricu- 
lar injection  of  the  neurotransmitter,  nor- 
epinephrine, produced  a  natriuresis,  kali- 
uresis, and  antidiuresis  in  normal   (4)  or 
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sham-operated  animals  (Fig.  2).  Median 
eminence  lesions  were  effective  in  prevent- 
ing the  increases  in  sodium  and  potassium 
excretion  and  in  reducing  the  antidiuretic 
response  elicited  by  this  catecholamine. 

Localization  of  the  lesions.  Thionin- 
stained  sections  of  the  brains  of  rats  with 
lesions  were  examined  microscopically  to 
determine  the  extent  and  the  site  of  the 
damage.  The  rostral  limit  of  the  lesions  was 
the  optic  chiasm  and  they  extended  caudally 
so  as  to  destroy  V2  to  Vi  of  the  median 
eminence.  Damage  to  the  wall  of  the  ventri- 
cle was  variable;  however,  in  some  animals, 
it  appeared  to  be  largely  intact.  There  was 
considerable  damage  to  the  anterior  part  of 
the  arcuate  nucleus  and  variable  damage  to 
the  ventromedial  nucleus. 

Daily  water  intake  was  increased  after 
lesions  in  all  animals.  On  the  seventh  post- 
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Fig.  1.  Effect  of  median  eminence  lesions  on  the 
natriuresis,  kaliuresis,  and  urine  output  following  injec- 
tion of  hypertonic  saline  (HS)  (2  M  NaCl,  2  ^il)  into  the 
third  ventricle.  Values  for  sham-operated  rats  are  indi- 
cated by ,  whereas  those  from  rats  with  lesions  are 

indicated  by  — .  Standard  errors  are  indicated  by  the 
small  dots  above  and  below  each  mean.  *  =  p  <  0.05  vs 
the  sham-operated  animals;  **  =  p  <  0.01  vs  sham- 
operated  controls.  N  =  8  for  the  group  with  lesions, 
and  7  for  the  sham-operated  controls. 
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Fig.  2.  Effects  of  median  eminence  lesions  on  the 
natriuresis,  kaliuresis,  and  urine  output  after  the  injec- 
tion of  norepinephrine  (NE)  (5  /xg,  2  /xl)  into  the  third 
ventricle.  N  =  12  for  rats  with  lesions,  and  8  for  sham- 
operated  controls. 

operative  day,  water  intake  in  sham-oper- 
ated animals  was  32.6  ±4.3  (8)^  ml/day, 
whereas  in  rats  with  median  eminence  le- 
sions, it  was  139.1  ±4.0  (8)  ml/day.  Thus, 
the  rats  with  lesions  had  diabetes  insipidus 
as  a  result  of  at  least  partial  interruption  of 
the  supraopticohypophyseal  tract. 

Discussion,  The  results  of  this  study 
clearly  show  that  damage  to  the  median  em- 
inence region  was  effective  in  abolishing  the 
natriuresis  and  kaliuresis  produced  by  the 
third  ventricular  injection  of  either  hyper- 
tonic saline  or  norepinephrine  and  in  signifi- 
cantly reducing  the  antidiuresis  which  en- 
sued. Even  though  a  decrease  in  urine  vol- 
ume still  followed  these  injections  in  ani- 
mals with  lesions,  there  was  no  increase  in 
either  the  excretion  or  concentration  (not 
shown)  of  sodium  or  potassium  ions. 

Since  these  lesions  are  known  to  produce 
interference  with  the  release  of  a  number  of 
pituitary  hormones,  it  is  logical  to  suggest 
that  the  failure  to  release  one  or  more  of 
these  hormones  may  be  responsible  for  the 

*  Mean  ±  SE  (number  of  rats). 
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;e  of  natriuresis  and  kaliuresis  follow- 
raventricular  injection  of  hypertonic 
or  norepinephrine.  Previous  studies 
[lown  that  lesions  of  this  type  interfere 
le  release  of  ACTH  (7),  growth  hor- 
(8),  TSH  (9),  FSH  and  LH  (6), 
as  they  enhance  the  release  of  prolac- 
and  perhaps  that  of  MSH  (10).  Intra- 
:ular  hypertonic  saline  has  not  been 
to  be  capable  of  altering  release  of 
lenohypophyseal  hormone;  however, 
^ntricular  norepinephrine  has  been  re- 
[  to  stimulate  gonadotropin  and  possi- 
olactin  release  (see  1 1  for  review  of 
erature).  Neither  of  these  hormones 
en  shown  to  be  natriuretic  in  the  rat. 
ddition  to  producing  these  alterations 
snohypophyseal  hormone  secretion, 
lesions  by  their  interruption  of  the 
ipticohypophyseal  tract  also  interfere 
he  release  of  both  oxytocin  (12)  and 
essin  (13). 

evidence  for  interruption  of  the  su- 
ticohypophyseal  tract  was  the  pres- 
>f  diabetes  insipidus  in  all  of  the  rats 
;sions.  We  have  previously  shown  that 
'  lesions  block  suckling-induced  re- 
)f  oxytocin  (12).  Even  though  the  ani- 
ad  diabetes  insipidus,  the  urinary  out- 
Uowing  infusion  of  S%  glucose  solu- 
as  similar  in  animals  with  lesions  and 
sham-operated  controls.  Presumably, 
IS  because  of  the  induction  of  a  water 
is  in  response  to  the  infusions.  Thus, 
gh  the  absence  of  these  responses  fol- 
;  the  lesions  suggests  hormonal  partic- 
1,  there  is  a  wide  range  of  possibilities 
kvhich  hormone  or  hormones  may  be 
ed  in  mediating  the  natriuretic  re- 
^s  in  the  intact  animal.  Antidiuretic 
me  (ADH),  oxytocin,  and  melanocyte 
ating  hormone  (MSH)  are  all  natri- 
under  the  conditions  of  a  water  di- 
similar  to  those  employed  in  the  pres- 
periment  (14,  15). 
H  does  not  appear  to  be  essential  for 
oduction  of  central  natriuresis  since  it 
curred  in  animals  with  hereditary  dia- 
nsipidus  and  the  complete  absence  of 
(16).  Increases  in  the  blood  levels  of 
have  been  observed  following  intra- 
;ular  injection  of  norepinephrine  in 
t  (17)  and  the  direct  application  of 


hypertonic  saline  or  norepinephrine  to  the 
supraoptic  nucleus  of  the  cat  (18).  In  view 
of  the  retention  of  the  natriuretic  response 
in  the  rat  with  hereditary  diabetes  insipidus 
and  the  fact  that  large  doses  of  pitressin  did 
not  influence  the  urinary  response  to  intra- 
ventricular hypertonic  saHne  (17),  it  ap- 
pears that  ADH  does  not  play  an  essential 
role  in  central  natiuresis. 

It  is  quite  possible  that  an  increased 
release  of  oxytocin,  MSH  and/or  the  pro- 
posed natriuretic  hormone  (19)  may  be  in- 
volved in  the  mediation  of  central  natri- 
uretic effects;  however,  the  natriuretic  re- 
sponse to  intraventricular  carbachol  per- 
sisted in  hypophysectomized  rats  which 
should  be  completely  deficient  in  MSH  and 
largely  deficient  in  oxytocin  (5).  Thus,  the 
results  are  most  consistent  with  mediation  of 
the  natriuretic  response  by  a  natriuretic  hor- 
mone (19). 

The  possibility  that  the  lesions  may  inter- 
rupt a  neural  pathway  distinct  from  their 
effects  on  pituitary  hormonal  secretion  can- 
not be  ruled  out.  Central  natriuresis  has  also 
been  explained  on  the  basis  of  alterations  in 
blood  pressure,  glomerular  filtration  rate, 
or  renal  neural  input;  however,  we  have 
previously  reported  a  lack  of  correlation  be- 
tween blood  pressure  changes  and  the  natri- 
uretic effects  of  hypertonic  saline  and  nor- 
epinephrine (20). 

Summary.  To  examine  if  hypothalamic  or 
pituitary  hormones  are  involved  in  the  in- 
duction of  the  natriuresis  which  follows  the 
injection  of  hypertonic  saline  or  norepi- 
nephrine into  the  third  ventricle,  lesions 
were  placed  in  the  median  eminence  and  the 
responses  to  intraventricular  norepineph- 
rine or  hypertonic  saline  were  evaluated. 
Sham  lesions  in  which  the  electrode  was 
lowered  into  the  brain  but  stopped  short  of 
the  hypothalamic  region  did  not  interfere 
with  the  natriuresis,  kaliuresis,  and  antidi- 
uresis  induced  by  the  third  ventricular  injec- 
tion of  either  hypertonic  sodium  chloride  or 
norepinephrine.  Lesions  in  the  median  emi- 
nence which  induced  diabetes  insipidus  as 
evidenced  by  an  increase  in  water  consump- 
tion to  approximately  four  times  normal 
completely  abolished  the  natriuresis  and 
kaliuresis  in  response  to  intraventricular  hy- 
pertonic saline  or  norepinephrine  and  di- 


98 


RESPONSES   TO    HYPERTONIC    SALINE    AND    NOREPINEPHRINE 


minished  the  antidiuresis.  The  observations 
suggest  the  possibility  that  a  natriuretic  hor- 
mone (s)  is  involved  in  the  induction  of  cen- 
tral natriuresis. 
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otent  inhibitor  of  complement  activity 
sen  detected  in  mouse  saliva  in  the 
ird  controls  employed  in  a  microcom- 
nt  fixation  assay  for  nerve  growth  fac- 
,  2).  Such  salivary  anticomplementary 
y  might  have  physiological  signifi- 
since  complement  has  been  demon- 
1  in  both  normal  and  inflamed  gingi- 
sues  (3)  and  in  the  crevicular  fluid  of 
ts  with  periodontal  disease  (4)  or  in- 
J  gingiva  (5).  In  addition,  anticomple- 
ry  factors  have  been  detected  in  hu- 
aliva  (6,  7),  and  it  has  been  suggested 
jch  factors  could  inhibit  complement- 
ted  processes  in  diseased  gingiva  (6). 
retion  of  the  anticomplementary  fac- 
uld  be  governed  by  either  the  sympa- 

or  parasympathetic  nervous  system. 

elicited  in  response  to  parasympa- 

stimulation  has  a  different  protein 
)sition  from  that  secreted  in  response 
ipathetic  stimulation  (8,  9).  In  order 
srmine  which  branch  of  the  autonomic 
us  system  regulates  secretion  of  the 
mplementary  factor,  saliva  elicited  by 

sympathomimetic  and  parasympa- 
metic  agents  was  analyzed  for  anti- 
ementary  activity.  In  addition,  other 
Ideological  methods  were  employed  to 
Ily  characterize  the  anticomplemen- 
ictor. 
erials  and  methods.   Saliva  was  col- 

from  ten-  to  sixteen-week-old  male 
The  animals  were  anesthetized  with 
barbital,  60  mg/kg.  Salivation  was  in- 

by  the  intraperitoneal  (ip)  adminis- 
1  of  a  secretagogue.  The  secreta- 
s  and  the  range  of  doses  for  each 

is  work  was  supported  by  U.  S.  Public  Health 
Pharmacology  Training  Grant  No.  GM  00153, 
S.  Public  Health  Service  Program- Project  Grant 
PO1-NS04553  from  the  National  Institute  of 
3gical  Diseases  and  Stroke. 


were:  pilocarpine,  0.1  to  0.8  mg/kg;  epi- 
nephrine, 2.0  to  6.6  mg/kg;  norepineph- 
rine, 0.7  to  2.5  mg/kg;  and  isoproterenol, 
1 .0  to  5.0  mg/kg.  In  a  few  cases,  about  one- 
tenth  the  ip  dose  of  secretagogue  was  in- 
jected under  the  sheath  of  connective  tissue 
covering  the  submaxillary  gland.  The  results 
were  comparable  to  those  after  ip  injection. 
In  all  experiments,  saliva  was  collected  in  a 
microcapillary  tube  placed  between  the 
tongue  and  the  floor  of  the  mouth.  In  some 
cases,  small  aliquots  of  saliva  were  collected 
sequentially  from  a  single  animal  given  one 
dose  of  a  secretagogue.  In  other  cases,  all  of 
the  saliva  elicited  by  one  dose  of  secret- 
agogue was  collected  as  one  sample.  Imme- 
diately after  collection,  the  saliva  was  frozen 
at  -40°  until  the  assays  were  performed. 

Saliva,  trypsin,  chymotrypsin,  thrombin, 
Kallikrein,  y-subunit  of  7S  nerve  growth 
factor  (10),  amylase,  carbonic  anhydrase, 
and  carboxypeptidase  A  were  tested  for  an- 
ticomplementary activity.  This  was  deter- 
mined following  the  basic  procedure  of 
Moore  and  Perez  (11)  as  modified  from 
Wasserman  and  Levine  (12).  Samples  of 
saliva  or  of  an  enzyme  preparation  were 
diluted  in  sodium  veronal  buffer  (5  mAf ,  pH 
=  7.5)  containing  0.1%  gelatin  and  0.005% 
Triton  X-100.  A  S-yA  aliquot  of  each  dilu- 
tion was  added  to  50  yA  of  complement- 
containing  guinea  pig  serum  diluted  1:320 
in  the  same  buffer.  The  resultant  mixture 
was  incubated  at  4**  for  18-20  hr.  After  the 
incubation,  0.3  ml  of  a  suspension  of  sheep 
red  blood  cells  sensitized  by  treatment  with 
hemolysin  was  added  to  each  reaction  mix- 
ture. The  samples  were  incubated  for  60 
min  at  38°  to  allow  complement-mediated 
hemolysis  and  then  centrifuged  to  pellet  the 
red  blood  cells  (12,000  g  for  10  min).  The 
absorbance  of  the  supernatant  at  413  nm 
was  determined.  The  optical  density  of  the 
blanks  which  have  5  ^tl  of  buffer  added  in 
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place  of  the  sample  was  usually  close  to  1 .0. 
This  parameter  was  initially  set  by  adjusting 
the  amount  of  complement  in  the  reaction. 

In  order  to  quantify  salivary  anticomple- 
mentary activity,  a  series  of  dilutions  of  a 
saliva  sample  was  assayed  as  described 
above.  The  dilution  at  which  the  resultant 
optical  density  was  one-half  that  of  the 
blanks  (i.e.,  50%  inhibition  of  complement- 
mediated  hemolysis)  was  determined.  The 
reciprocal  of  this  dilution  will  be  defined  as 
the  number  of  anticomplementary  units 
(ACU)  in  5  /xl  of  the  undiluted  saliva  sam- 
ple. Since  the  highest  concentration  of  saliva 
examined  was  a  1:10  dilution,  salivary  anti- 
complementary activities  of  less  than  10 
ACU  were  not  quantified. 

In  studies  involving  protease  inhibitors,  a 
5-/xl  aliquot  of  inhibitor  (780  ng/^il)  was 
added  to  the  complement-containing  solu- 
tion in  addition  to  5  /xl  of  the  diluted  saliva 
or  enzyme  sample.  The  inhibitors  studied 
were  aprotinin,  Kunitz  pancreatic  trypsin  in- 
hibitor, soybean  trypsin  inhibitor,  ovomu- 
coid trypsin  inhibitor,  and  lima  bean  trypsin 
inhibitor. 

Protein  determinations  were  made  using 
the  method  of  Lowry  etal,  (13)  with  bovine 
serum  albumin  as  a  standard. 

L-epinephrine  bitartrate,  trypsin  (bovine, 
type  III,  12,500  N-benzoyl-L-arginine  ethyl 
ester  units/mg),  a-chymotrypsin  (bovine, 
type  II,  50  benzoyl- L-tyrosine  ethyl  ester 
units/mg),  thrombin  (bovine,  grade  I,  250 
NIH  units/mg),  a-amylase  (ovine,  type  I- A, 
2,250  Wilbur- Anderson  units/mg),  car- 
bonic anhydrase  (bovine,  41  hippuryl-L- 
phenylalanine  units/mg),  trypsin  inhibitor 
from  beef  pancreas  (1  mg  inhibits  3.1  mg 
trypsin),  trypsin  inhibitor  from  soybean  (1 
mg  inhibits  1 .4  mg  trypsin),  trypsin  inhibitor 
from  ovomucoid  (1  mg  inhibits  0.9  mg  tryp- 
sin), trypsin  inhibitor  from  lima  bean  (1  mg 
inhibits  4  mg  trypsin),  and  bovine  serum 
albumin  (fraction  V,  96-99%)  were  pur- 
chased from  Sigma  Chemical  Co.,  St.  Louis, 
Mo.  Pilocarpine  hydrochloride  was  pur- 
chased from  Merck  Chemical  Co.,  Rahway, 
N.J.,  noradrenaline  hydrochloride  and  iso- 
proterenol hydrochloride  from  Regis  Bio- 
chemicals,  Morton  Grove,  111.,  and  apro- 
tinin (Trasylol,  10,000  kallikrein  inhibition 
units/ml)  from  FBA  Pharmaceuticals,  New 


York,  N.Y.  Kallikrein  (a  registered  trade- 
mark of  Bayer  AG,  1290  kallikrein  units/ 
mg)  was  kindly  supplied  by  Drs.  Elder  and 
Schmidt- Kastner,  Bayer  A.  G.,  Wuppertal, 
Germany.  The  y-subunit  of  7S  nerve  growth 
factor  (10)  was  a  generous  gift  from  Dr.  E. 
M.  Shooter  of  Stanford  University. 

Results,  The  protein  concentration,  anti- 
complementary factor  concentration,  and 
flow  rate  of  the  saliva  were  measured  at 
different  times  following  single  injections  of 
either  pilocarpine  (Fig.  1)  or  epinephrine 
(Fig.  2).  When  epinephrine  rather  than  pilo- 
carpine was  used,  the  results  showed  several 
marked  contrasts:  (a)  the  flow  rates  were 
lower,  (b)  the  protein  concentrations  were 
approx  50-fold  greater,  and  (c)  the  anticom- 
plementary factor  concentrations  were  more 
than  1000-fold  greater.  A  change  in  protein 
concentration  from  one  aliquot  to  the  next 
appeared  to  be  accompanied  by  a  parallel 
shift  in  anticomplementary  factor  levels  in 
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Fig.  1.  Anticomplementary  factor  and  protein 
concentrations  of  sequential  samples  of  saliva  and  sali- 
vary flow  rates  elicited  by  a  single  injection  of  pilocar- 
pine. Each  set  of  like  symbols  represents  data  from  a 
single  animal .  Values  in  the  stippled  area  of  the  anti- 
complement  panel  represent  estimates  since  activities 
of  less  than  10  ACU  were  not  quantified  (sec  Materials 
and  Methods). 
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G.  2.  Anticomplementary  factor  and  protein 
entrations  of  sequential  samples  of  saliva  and  sali- 
flow  rates  elicited  by  a  single  injection  of  epineph- 
Each  set  of  like  symbols  represents  data  from  a 
e  animal. 


epinephrine-induced  saliva,  but  not  in 
pilocarpine-induced  saliva. 
he  relationship  between  protein  concen- 
on  and  anticomplementary  factor  con- 
ration  with  isoproterenol  and  norepi- 
[irine  as  secretagogues  was  examined  in 
jr  to  determine  whether  the  epineph- 
-induced  secretion  was  due  to  action  on 
irenergic  or  /3-adrenergic  receptors. 
se  data  along  with  the  corresponding 
I  from  the  epinephrine  treatment  are 
vn  in  Fig.  3.  An  estimate  of  the  slopes 
intercepts  of  these  curves  was  obtained 
g  linear  regression  analysis.  These  esti- 
ss  of  the  slopes  and  their  standard  errors 
shown  in  Table  I. 

nee  salivary  anticomplementary  activity 
It  be  due  to  the  action  of  salivary  pro- 
^tic  enzymes  on  the  complement  pro- 
i,  several  proteolytic  enzymes  thought 
e  present  in  saliva  (14,  15)  were  exam- 
for  anticomplementary  activity.  The 
in  Fig.  4  demonstrate  the  anticomple- 
tary  activity  of  trypsin,  chymotrypsin, 
nbin,  and  Kallikrein,  and  the  lack  of 
ity  of  the  esteroproteolytic  y-subunit  of 


7S  nerve  growth  factor  (16).  Amylase,  car- 
bonic anhydrase,  and  carboxypeptidase  A 
were  also  studied  but  lacked  anticomple- 
mentary activity  (data  not  shown). 

Salivary  anticomplementary  activity  was 
examined  in  the  presence  of  protease  inhibi- 
tors in  order  to  determine  whether  the  anti- 
complementary factor  might  be  a  proteo- 
lytic enzyme  (Fig.  5).  The  salivary  anticom- 
plementary factor  was  inhibited  by  aprotinin 
and  by  Kunitz  pancreatic  trypsin  inhibitor 
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Fig.  3.  Correlation  between  anticomplementary 
factor  and  protein  in  secretions  elicited  by  adrenergic 
agents.  The  lines  were  determined  by  linear  regression 
analysis.  The  correlation  coefficients  for  epinephrine, 
norepinephrine,  and  isoproterenol  were  0.88,  0.91, 
and  0.28,  respectively. 

TABLE  I.  Specific  AcnvrnES  of 
Anticomplementary  Factor  in  Secretions 
Elicffed  by  Various  Autonomic  Agents." 

Salivary  anticomplemen- 
tary activity  (ACU//Ltg 
protein) 


Agonist 


Pilocarpine  [choliner- 
gic] 

Isoproterenol  [/3-adre- 
nergic] 

Epinephrine  [a  -^  /3-ad- 
renergic] 

Norepinephrine  [a-ad- 
renergic] 


0.3  ±     0.1  (10) 
1.8  ±     3.6(5) 
85.     ±  10. (24) 
78.     ±  20. (5) 


°  Values  are  the  slopes  of  linear  regression  lines  ± 
the  standard  error  of  the  slope.  The  regression  lines  for 
all  data  groups  except  pilocarpine  are  shown  in  Fig.  3. 
Number  of  samples  is  shown  in  parentheses.  The  recep- 
tors primarily  stimulated  by  each  agonist  are  indicated 
in  square  brackets.  The  following  are  statistically  signif- 
icant {P  <  0.01):  (a)  pilocarpine  vs  both  epinephrine 
and  norepinephrine,  and  (b)  isoproterenol  vs  both  epi- 
nephrine and  norepinephrine. 
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Fig.  4.  Anticomplementary  activity  of  proteolytic 
enzymes  and  saliva.  Concentrations  are  final  concen- 
trations in  the  55- /ml  reaction  mixture.  Saliva  values  are 
for  total  salivary  protein  concentrations  in  the  55-^1 
reaction  mixture.  Bars  indicate  standard  errors  of  the 
means.  Each  point  represents  the  mean  of  three  to  six 
samples. 
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Fig.  5.  Effects  of  protease  inhibitors  on  salivary 
anticomplementary  activity.  The  results  presented  were 
obtained  using  epinephrine-induced  saliva  from  one 
animal.  Each  inhibitor  has  been  examined  with  at  least 
three  different  saliva  samples  and  the  same  inhibition 
pattern  was  always  obtained.  At  each  concentration  of 
salivary  protein,  either  a  5-^il  aliquot  containing  3.9  fig 
of  inhibitor  or  a  5-^1  aliquot  of  buffer  was  added. 

but  not  by  soybean  trypsin  inhibitor,  ovo- 
mucoid trypsin  inhibitor,  or  lima  bean  tryp- 
sin inhibitor. 

The  ability  of  these  protease  inhibitors  to 
block  the  anticomplementary  activity  of 
trypsin,  chymotrypsin,  and  Kallikrein  was 
examined  in  order  to  compare  pharmaco- 
logically these  enzymes  with  the  salivary  an- 
ticomplementary factor  (Table  II).  The 
spectrum  of  inhibition  of  salivary  anticom- 


plementary activity  was  the  same  as  that  of 
Kallikrein  but  unlike  those  of  trypsin  or  chy- 
motrypsin. 

Discussion,  The  present  study  demon- 
strates that  mouse  saliva  contains  one  or 
more  potent  anticomplementary  factors. 
The  concentration  of  this  factor  was  more 
than  1000  times  greater  in  secretions  elic- 
ited by  epinephrine,  a  sympathomimetic 
agent,  than  in  those  induced  by  pilocarpine, 
a  parasympathomimetic  agent  (Figs.  1  and 
2).  These  results  also  show  that  pilocarpine 
elicits  a  rapid  flow  of  a  secretion  with  rela- 
tively low  protein  content,  while  epineph- 
rine induces  a  slower  flow  of  a  secretion 
with  a  50-fold  higher  protein  content.  These 
observations  on  flow  rate  and  protein  con- 
tent are  consistent  with  results  obtained  by 
other  investigators  (14,  17,  18). 

Since  both  anticomplementary  factor  and 
total  protein  concentrations  were  higher  in 
the  epinephrine-  than  in  the  pilocarpine- 
induced  secretions,  specific  activities  were 
determined  to  compare  the  activity  per  unit 
protein  (Table  I).  The  mean  specific  activity 
of  epinephrine-induced  saliva  was  283  times 
that  of  pilocarpine-induced  saliva.  Since 
high  doses  of  pilocarpine  (10  mg/kg  ip)  pro- 
duce an  indirect  sympathomimetic  effect  in 
rat  salivary  glands  (19),  even  the  low  level 
of  anticomplimentary  activity  found  in  the 
pilocarpine-induced  saliva  might  be  due  to 
this  indirect  adrenergic  action.  These  data 
imply  that  secretion  of  the  anticomplemen- 
tary factor  is  primarily  regulated  by  sympa- 
thetic activity. 

The  levels  of  salivary  anticomplementary 
factor  were  also  determined  following  an  a- 
and  a  j8-adrenergic  agonist  in  order  to  char- 
acterize the  adrenergic  receptor  involved. 

TABLE  II.  Effects  of  Protease  Inhibitors  on 
Anticomplementary  AcnvnV. 

Anticomplementary  activity 


Protease  in- 

Chymo- 

KalU- 

hibitor 

Trypsin 

trypsin 

krein 

Saliva 

Soybean 

+ 

+ 



_ 

Lima  bean 

+ 

+ 

_ 

_ 

Ovomucoid 

+ 

— 

_ 

_ 

Pancreatic 

+ 

+ 

+ 

+ 

Aprotinin 

+ 

+ 

+ 

+ 

A  plus  indicates  a  greater  than  75%  inhibition  of 
anticomplementary  activity,  and  a  minus  indicates  a 
less  than  15%  inhibition. 
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cK-adrenergic  agonist  norepinephrine 
d  saliva  having  a  mean  specific  activity 
nes  that  of  the  )3-adrenergic  agonist 
)terenol  and  260  times  that  of  the  cho- 
ic  agonist  pilocarpine  (Table  I).  In  ad- 
i,  the  specific  activity  of  norepineph- 
nduced  saliva  was  not  significantly  dif- 
t  from  that  elicited  by  epinephrine, 
I  possesses  both  a-  and  )3-adrenergic 
ty  (Table  I).  Thus,  release  of  the  sali- 
anticomplementary  factor  appears  to 
imarily  regulated  through  the  action  of 
^mpathetic  nervous  system  on  a-adre- 
:  receptors  within  the  salivary  glands, 
r  observation  that  salivary  anticomple- 
iry  activity  can  be  inhibited  by  both 
inin  and  Kunitz  pancreatic  trypsin  in- 
ir  strongly  suggests  that  this  activity 

be  due  to  a  salivary  protease .  Such  a 
ry  anticomplementary  protease  would 
to  be  capable  of  selectively  inactivating 
r  more  of  the  complement  components 
J  presence  of  a  great  excess  of  other 
ins.  (At  50%  hemolysis,  complement 
ins  only  account  for  0.06%  of  the  total 
in.) 

eral  highly  purified  proteases  have 
examined  for  anticomplementary  ac- 
in  order  to  compare  them  to  the  sali- 
•actor  (Fig.  4).  Expressed  in  terms  of 
salivary  protein,  the  potency  of  the 
ry     anticomplementary     factor     was 

to  that  of  recrystallized  trypsin,  the 
potent  enzyme  examined.  Thus,  the 
ry  anticomplementary  factor  must  be 
lerably  more  potent  than  any  enzyme 
1  since  it  probably  constitutes  only  a 
proportion  of  total  salivary  protein. 
J  effects  of  five  protease  inhibitors 
been  determined  on  the  anticomple- 
iry  activity  of  trypsin,  chymotrypsin, 
lallikrein.  The  results  show  that  only 

inhibitors  which  have  been  reported 
K:k  the  proteolytic  activity  of  a  given 
le  (20)  will  inhibit  its  anticomplemen- 
ictivity  (Table  II).  This  strongly  sug- 
that  the  anticomplementary  activity  of 
3f  these  enzymes  is  correlated  with  its 
3lytic  activity.  To  our  knowledge  this 
first  demonstration  that  kallikrein  pos- 
anticomplementary    activity.    This 

be  quite  significant  since  kallikrein  is 
bought  to  act  on  a  limited  number  of 
n  substrates. 


The  inhibition  spectrum  of  the  salivary 
anticomplementary  factor  indicates  that  it 
might  be  a  kallikrein-like  enzyme  (Table  II). 
Kallikrein  is  present  in  both  animal  and  hu- 
man saliva  (21 ,  22)  and  appears  to  be  selec- 
tively secreted  through  a-adrenergic  stimu- 
lation (21,  23).  However,  the  Kallikrein 
from  ovine  pancreas  used  in  this  study  dif- 
fered from  the  salivary  anticomplementary 
factor  both  in  potency  and  the  slope  of  the 
dose-response  curves  (Fig.  4).  Since  others 
have  observed  marked  differences  between 
organ  and  salivary  kallikrein  (24),  these  ob- 
servations do  not  demonstrate  that  the  sali- 
vary anticomplementary  factor  is  not  sali- 
vary kallikrein.  Final  resolution  of  this  ques- 
tion must  await  purification  and  isolation  of 
the  salivary  anticomplementary  factor. 

Summary.  Mouse  saliva  contains  a  potent 
inhibitor  of  complement  activity.  The  secre- 
tion of  this  inhibitor  appears  to  be  regulated 
by  action  on  a-adrenergic  receptors  for  two 
reasons.  First,  an  a-agonist  (norepineph- 
rine) elicited  saliva  with  a  260-fold  higher 
specific  activity  of  the  inhibitor  than  that 
obtained  with  a  cholinergic  agent  (pilocar- 
pine). Second,  the  a-agonist  elicited  saliva 
having  a  43-fold  greater  specific  activity 
than  that  obtained  following  administration 
of  a  )3-adrenergic  agonist  (isoproterenol). 
This  anticomplementary  factor  probably 
proteolytically  degrades  one  or  more  of  the 
complement  components  since  it  is  inhibited 
by  several  protease  inhibitors.  The  salivary 
anticomplementary  factor  is  more  potent 
than  trypsin,  chymotrypsin,  thrombin,  or 
Kallikrein.  The  anticomplementary  factor 
has  a  pattern  of  inhibition  like  that  of  Kalli- 
krein but  unlike  those  of  trypsin  or  chymo- 
trypsin. 
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tiple  forms  of  3 ',5 '-cyclic  AMP  phos- 
^sterase  (PDE)  have  been  demon- 
1  in  many  tissues  (1-13),  and  these 
les  may  have  important  and  different 
tory  functions  within  cells.  Previous 
from  our  laboratory  has  identified 
AMP  PDE  activity  in  chicken  epiphy- 
nd  articular  cartilage  (14).  We  have 
emonstrated  the  inhibition  of  the  low 
2cies  of  these  enzymes  by  L-triiodothy- 
j  (T-3)  and  several  nonsteroidal  anti- 
imatory  agents  (14,  15). 
determine  the  physiological  signifi- 
of  PDE  inhibition  by  these  pharmaco- 
I  agents  and  to  relate  the  inhibition  to 
gulatory  mechanisms,  it  was  necessary 
racterize  the  multiple  molecular  forms 
'E  present  in  cartilage.  In  this  paper, 
scribe  the  presence  of  multiple  molec- 
Drms  of  PDE  in  epiphyseal  cartilage, 
ng  by  their  affinity  for  cyclic  AMP  and 
GMP,  their  inhibition  by  triiodothyro- 
T-3)  and  indomethacin,  and  their  sep- 
n  on  DEAE  Bio-Gel  A  column  chro- 
;raphy. 

erials  and  methods.  Ammonium  salts 
lie  [G.3H]AMP  (24.0  Ci/mmole)  and 
lie  [G-3H]GMP  (3.46  Ci/mmole)  were 
ased  from  New  England  Nuclear.  The 
ictive  compounds  were  purified  by 
lyer  chromatography  before  use  as  fol- 
A  50%  ethanol  solution  of  either 
nucleotide  was  applied  to  an  Eastman 
latogram  cellulose  sheet  (13255)  as  a 
(10-15  /xl  per  cm),  and  the  chro- 
raph  was  developed  with  isopro- 
-conc.  NH40H-water  (7:1:2,  v/v)  for 
The  Rf  values  for  cyclic  AMP  and 
GMP  in  this  system  were  0.56-0.60 
1.32-0.36,  respectively.  After  drying 
hromatogram,  the  cyclic  nucleotide 
vas  scraped  off,  and  the  nucleotide  ex- 
d  with  water  at  5**C  for  2  to  3  hr.  After 
fugation  to  clear  the  radioactive  solu- 


tion, the  cyclic  nucleotide  solutions  were 
stored  at  -20°. 

Snake  venom  (Ophiophagus  hannah)  and 
cyclic  GMP  were  obtained  from  Sigma,  and 
cyclic  AMP  (free  acid,  monohydrate)  was 
from  P-L  Biochemicals,  Inc.  DEAE  Bio- 
Gel  A  (100-200  mesh)  was  obtained  from 
Bio-Rad  Laboratories  and  was  equilibrated 
with  the  column  buffer  prior  to  use.  Anion 
exchange  resin  (Bio-Rad  AG1-X2,  200  to 
400  mesh)  was  washed  in  succession  with 
0.5  N  NaOH,  HjO,  0.5  N  HCI  and  HjO 
until  neutral.  Indomethacin  was  provided  by 
Dr.  T.  Y.  Shen  of  the  Merck  Institute  for 
Therapeutic  Research,  and  T-3  (3,3',5- 
triiodo-L-thyronine)  was  obtained  from 
Schwarz/Mann. 

Phosphodiesterase  activity  was  assayed  by 
a  procedure  modified  from  the  method  of 
Thompson  and  Appleman  (16,  17).  The  re- 
action mixture  was  identical  to  that  de- 
scribed by  them  (16,  17)  except  that  it  con- 
tained 0.1  ml  of  snake  venom.  Reactions 
were  initiated  by  addition  of  the  PDE  prep- 
aration, and  the  mixture  was  incubated  for 
10  min  at  30°.  Reactions  were  stopped  by 
the  addition  of  0.5  ml  of  cold  absolute 
ethanol  and  chilled  in  an  ice-water  bath. 
The  reaction  mixture  was  then  transferred 
onto  a  small  anion  exchange  column  (5  x  30 
mm)  which  was  prepared  from  1 .5  ml  of  1 :2 
slurry  of  AG1-X2  resin  in  a  Pasteur  pipet 
(7  X  146  mm).  The  reaction  tube  and  the 
column  were  washed  successively  with  3x1 
ml  of  watefr,  allowing  each  wash  to  sink  into 
the  resin  before  adding  the  next  one.  An 
aliquot  of  1  ml  out  of  4  ml  of  the  combined 
effluent  and  washings  was  counted  in  10  ml 
of  scintillation  fluid.  Enzyme  activity  was 
linear  with  respect  to  time,  protein  concen- 
tration, and  up  to  20%  conversion  of  sub- 
strate to  product  under  the  conditions  of  the 
assay  as  described.  Counting  of  ^H  was  car- 
ried out  with  the  Model  3310  Packard  Tri- 
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Carb  liquid  scintillation  spectrometer.  The 
scintillant  solution  was  a  modified  Bray*s 
solution  (18)  which  contained  60  g  of  naph- 
thalene, 4  g  of  2,5-diphenyloxazole,  200  mg 
of  1 ,4-di-2-(5-phenyloxazolyl)  benzene  in 
100  ml  of  methanol,  and  900  ml  of  1,4- 
dioxane.  When  counted  in  10  ml  of  liquid 
scintilator,  the  efficiency  of  this  method  for 
tritium  was  20%  in  the  presence  of  1 .0  ml  of 
tritiated  water. 

One  unit  of  PDE  activity  was  defined  as 
the  amount  of  enzyme  required  to  hydrolyze 
1  pmole  of  cyclic  mononucleotide  per  min  at 
30°.  Specific  activity  was  expressed  as  en- 
zyme units  per  milligram  of  protein. 

Upper  epiphyseal  cartilage  zones  re- 
moved from  8-week-old  hybrid  Hubbard 
broiler  chickens  by  the  method  of  Wuthier 
(19)  as  previously  described  (14)  were  used 
as  the  enzyme  source.  The  fine  shavings 
from  four  chickens  were  homogenized  in  48 
ml  of  ice-cold  0.05  M  Tris-Cl  buffer  (pH 
8.0)  containing  0.25  M  sucrose,  and  then 
centrifuged  at  100,000  g  for  90  min.  The 
slightly  reddish  clear  supemate  solution, 
containing  approx  2.7  mg  of  protein  per  ml, 
was  used  as  the  source  of  the  crude  soluble 
enzyme.  The  precipitate  from  the  100 ,000 g 
centrifugation  was  rehomogenized  and  cen- 
trifuged at  100,000  g  thrice  more,  and 
finally  suspended  in  the  homogenizing  solu- 
tion to  a  volume  equal  to  one-third  the  first 
supernatant  solution.  The  soluble  and  par- 
ticulate fraction  could  be  stored  at  -20° 
for  at  least  several  weeks  without  loss  of 
activity.  Protein  determinations  were  car- 
ried out  by  the  Lowry  procedure  (20)  with 
the  use  of  crystalhne  bovine  serum  albumin 
as  a  standard.  For  column  fractions  in  which 
2-mercaptoethanol  was  present,  a  standard 
curve  was  prepared  in  the  presence  of  the 
column  buffer. 

The  DEAE  Bio-Gel  A  column  (1 .3  x  22 
cm)  used  for  enzyme  purification  was  equili- 
brated with  0.05  M  Tris-Cl  buffer  (pH  8.0) 
containing  3.75  mA/  2-mercaptoethanol.  A 
portion  of  the  soluble  enzyme  (30  mg  of 
protein)  dialyzed  overnight  against  the  col- 
umn buffer,  was  applied  to  the  column,  and 
then  washed  with  the  same  buffer  until  the 
A280  in  the  washing  returned  to  a  base  line 
level.  The  column  was  then  eluted  with  a 
linear  gradient  generated  from  150  ml  of  the 
column  buffer  and  150  ml  of  the  buffer 


containing  0.4  Af  NaCl,  and  5-ml  fractions 
were  collected.  The  column  flow  rate  was 
approx  12  ml/hr.  One-tenth  milliliter  of  the 
enzyme  solution  was  used  to  assay  for  cyclic 
AMP  PDE  activity  and  0.2  ml  for  cyclic 
GMP  PDE  activity.  Substrate  concentration 
was  1  fiM  in  both  cases. 

Enzyme  control  incubations  included  a  no 
enzyme  reaction  mixture,  appropriate  sol- 
vent concentrations  (2%  v/v  DMSO)  to  ac- 
count for  any  inhibition  due  to  the  solvent 
used  with  triiodothyronine  and  indometha- 
cin  and  incubations  to  establish  that  the  ob- 
served inhibition  of  PDE  activity  was  not 
the  result  of  the  inhibition  of  5 '-nucleotid- 
ase activity.  The  assay  for  5 '-nucleotidase 
activity  was  performed  using  the  same  reac- 
tion mixture  as  described  for  the  PDE  assay 
except  for  the  use  of  5 '-AMP  as  the  sub- 
strate instead  of  cyclic  AMP  and  snake 
venom  was  omitted.  /50  values  were  ob- 
tained by  plotting  the  logarithm  of  inhibitor 
concentration  as  a  function  of  the  percent- 
age of  enzyme  inhibition.  To  determine  the 
apparent  K^  and  V  of  the  partially  purified 
enzymes,  substrate  concentrations  between 
0.8  and  16  fiM  were  used  and  the  specific 
radioactivities  of  the  substrate,  cyclic 
[3H]AMP,  and  cyclic  [^HJGMP,  were 
52,500  cpm/nmole  and  47,500  cpm/nmole, 
respectively .  Nonlinear  Line weaver-Burk 
plots  for  chicken  epiphyseal  cartilage  PDE 
have  been  shown  previously  (14);  the  pres- 
ent investigations  only  defined  low  K^  val- 
ues since  they  are  probably  more  important 
with  respect  to  the  physiological  activity  of 
the  enzyme. 

Results.  Separation  of  cyclic  S'.S'-nucleo- 
tide  phosphodiesterase  activities  by  column 
chromatography.  The  high  speed  superna- 
tant solution  of  chicken  epiphyseal  cartilage 
extract  was  fractionated  by  DEAE  Bio-Gel 
A  column  chromatography,  and  the  frac- 
tions were  analyzed  for  cyclic  mononucleo- 
tide hydrolyzing  activity,  5 '-nucleotidase  ac- 
tivity, and  protein  content  (Fig.  1). 

Despite  the  use  of  a  different  ion  ex- 
change column  (DEAE-cellulose)  and  var- 
ious elution  procedures,  the  cyclic  AMP 
PDE  activities  in  the  major  peak  {\\  and  II) 
could  not  be  resolved  into  two  separate 
peaks.  As  shown  in  Fig.  1,  peak  I  utilized 
both  cyclic  AMP  and  GMP  as  substrates; 
the  activity  towards  cyclic  GMP  was  much 
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FRACTION  NUMBER 

G.   1 .  Separation  of  multiple  forms  of  PDE  from  chicken  cartilage  extract.  Unabsorbed  protein  was  washed 

ind  then  (  i  )  a  linear  NaCl  gradient  ( )  up  to  0.4  Af  was  applied.  Fractions  of  5  ml  were  collected  and  their 

ic  AMP-PDE  (O)  and  cyclic  GMP-PDE  (A)  activities  as  well  as  their  protein  content  (•)  were  monitored, 
ioactivities  found  in  1-ml  aliquots  from  4-ml  filtrate  (see  the  text)  were  shown.  The  nucleotidase-activity  peak 
found  in  fraction  33  (•). 


er  than  that  for  cyclic  AMP.  The  major 
ik  appeared  also  to  utilize  both  cyclic 
rleotides  as  substrates;  however,  the  en- 
le  activity  towards  cyclic  GMP  disap- 
ired  from  the  fractions  obtained  after  the 
ximal  cyclic  AMP-PDE  activity  was  at- 
led.  These  findings  suggested  that  two 
fns  of  PDE  existed,  one  associated  with 

shoulder  (lis)  which  utiHzed  both  cychc 
:leotides,  and  the  other  associated  with 

slowest  eluting  peak  (II)  which  utilized 
y  cyclic  AMP  as  substrate.  As  compared 
the  specific  activity  of  the  crude  epiphy- 
1  enzyme  with  cyclic  AMP  as  the  sub- 
ite,  peak  I  specific  activity  was  increased 
a  factor  of  1.5,  the  apex  of  the  peak  H 
» increased  by  10.5  and  peak  II  (fractions 
m  the  downslope)  by  20-fold.  The  peak 
loted  by  the  asterisk  (Fig.  1)  contained 
the  5 '-nucleotidase  activity  present  in  the 
jmn  eluant. 

Imetic  characteristics  of  the  PDE  chro- 
ographic  fractions.  Peak  I,  which  repre- 
ted  a  single  homogeneous  peak,  had  an 
arent  K^  of  5  fiM  with  cyclic  AMP  as 
strate  and  a  V  of  36  units  ml"^  The  low 
vity  of  this  enzyme  with  cyclic  GMP  as 
strate  obviated  the  determination  of 
;e  kinetic  parameters  with  that  substrate, 
k  II,  had  an  apparent  ^m  of  1 .2  /xM  with 
ic  AMP  as  substrate  and  a  V  of  38  units 
'.  Peak  II,  using  fractions  without  cyclic 


TABLE  I.  The  Effect  of  Indomethacin  and  l- 
Triiodothyronine  on  Purified  PDE  Fractions.** 


Chromato- 
graphic frac- 
tion 

/so  values  (M) 

Indomethacin 

T-3 

Peak  I 
Peak  11, 
Peak  II 

1.7  X  10-3 
2.5  X  10-* 
1.1  X  10-* 

1.8  X  lO--* 
1.0  X  10-* 
3.0  X  10-« 

°  /so  values  were  obtained  using  1  /xM  cyclic  AMP  as 
the  substrate. 

GMP  activity,  had  an  apparent  Km  of  1.2 
fiM  and  a  K  of  45  units  m^^  Kinetic  analy- 
ses of  the  fraction  with  highest  activity  to- 
wards cyclic  GMP  in  peak  H  gave  an  appar- 
ent Km  of  1 .2  jxM  for  cyclic  GMP  as  sub- 
strate and  a  K  of  29  units  m^^ 

Inhibition  of  purified  PDE  by  indometha- 
cin and  L'triiodothyronine.  Varying  the  in- 
hibitor concentrations  and  determining  the 
percentage  of  normal  (no  inhibitor)  enzyme 
activities  in  a  soluble  and  particulate  en- 
zyme preparation  gave  relatively  high  /50 
values  and  demonstrated  no  particular  pref- 
erence for  the  inhibition  of  the  soluble  or 
particulate  enzyme  species  by  indomethacin 
or  T-3.  Under  these  conditions,  the  /50  val- 
ues for  these  inhibitors  showed  relatively 
similar  capacities  to  inhibit  these  enzyme 
species. 

The  effect  of  these  inhibitors  on  various 
soluble  enzyme  fractions  purified  by  column 
chromatography  are  shown  in  Table  I.  A 
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comparison  of  the  /50  for  indomethacin  and 
T-3  obtained  from  various  enzyme  fractions 
after  DEAE  Bio-Gel  A  chromatography 
demonstrated  differences  in  the  capacity  of 
indomethacin  and  T-3  to  inhibit  these  en- 
zyme fractions. 

Discussion,  Since  work  from  our  labora- 
tory has  shown  that  triiodothyronine  (T-3), 
the  most  potent  thyroid  hormone,  and  indo- 
methacin, a  moderately  potent  anti-inflam- 
matory agent  inhibit  crude  epiphyseal  carti- 
lage cyclic  nucleotide  phosphodiesterase, 
the  present  studies  were  undertaken  to  pu- 
rify epiphyseal  cartilage  PDE  and  to  test 
various  purified  fractions  for  their  inhibition 
by  these  agents. 

The  modified  PDE  assay,  as  described 
herein,  avoided  the  high  values  for  the  en- 
zyme blanks  caused  by  the  heat  step  in  the 
original  Appieman  assay  (16,  17).  The  use 
of  cold  ethanol  to  terminate  the  one-step 
assay  is  a  simple  and  adequate  method  and 
is  somewhat  easier  to  perform  than  the 
method  proposed  by  Appieman  for  his  re- 
vised assay  (21).  An  additional  difficulty 
was  encountered  when  the  original  PDE  as- 
say (16,  17)  was  used  to  assay  purified  frac- 
tions after  ion  exchange  chromatography. 
The  presence  of  sodium  acetate  or  sodium 
chloride  resulted  in  an  increase  in  the  en- 
zyme blank.  This  is  caused  by  the  dimin- 
ished capacity  of  the  batch  treatment  of  the 
reaction  mixture  with  anion  exchange  resin 
to  remove  PDE  substrates.  The  modified 
assay  did  not  give  high  blank  values  in  the 
presence  of  salts,  had  a  low  blank  value,  and 
permitted  the  assay  of  PDE  activity  at  low 
enzyme  concentrations.  A  further  advan- 
tage of  this  assay  on  the  PDE  isolated  from 
epiphyseal  cartilage  was  the  presence  of  sig- 
nificant S '-nucleotidase  activity  in  the  crude 
enzyme.  Approximately  90%  of  the  5'- 
adenosine  monophosphate  formed  in  the  re- 
action was  converted  to  adenosine  by  0.3 
mg  of  crude  cartilage  enzyme  in  the  absence 
of  snake  venom  (5 '-nucleotidase).  Thus,  a 
one-step  assay  with  5 '-nucleotidase  in  the 
reaction  mixture  from  the  outset  was  more 
advantageous  for  our  work  than  the  two- 
step  Appieman  procedure. 

Analyses  of  a  carefully  washed  1 00,000  g 
sedimented  enzyme  fraction  demonstrated 
PDE  activity;  therefore  as  has  been  shown 


for  other  tissues  (22),  epiphyseal  cartilage 
contained  a  particulate  and  soluble  PDE 
fraction.  The  particulate  enzyme  utilized 
both  cyclic  AMP  and  GMP  as  substrates. 
The  relative  percentages  of  PDE  activity  in 
the  soluble  and  particulate  fractions  widi  1 
fiM  cyclic  AMP  as  substrate  were  86.5  and 
13.5%,  respectively.  With  cyclic  GMP  (1 
fiM)  as  substrate  the  relative  percentage  of 
the  soluble  and  particulate  fractions  were 
93.5  and  6.5%,  respectively. 

The  /50  values  determined  for  indometha- 
cin and  T-3  showed  that  peak  I  was  in- 
hibited by  these  agents  at  relatively  high 
concentrations  (Table  I).  These  high  values 
probably  indicate  that  no  physiological  sig- 
nificance should  be  given  to  the  effect  of 
these  agents  on  peak  I  enzyme  activity.  The 
ratio  of  the  /so  values  obtained  with  indo- 
methacin and  enzyme  fractions  from  peaks 
Ilg  and  II  showed  a  4.4-fold  difference.  Sim- 
ilar data  were  obtained  by  comparing  T-3  /50 
values  from  peak  Ilg  and  II.  Since  the  /» 
value  for  T-3  was  lowest  with  peak  II  frac- 
tions and  the  /so  value  for  indomethacin  was 
lowest  for  peak  Ilg,  it  might  be  suggested 
that  there  is  a  difference  in  drug  sensitivity 
between  the  enzyme  activities  of  II  and  II,. 

Although  by  no  means  conclusive  proof, 
the  substrate  specificities  and  the  inhibitor 
activities  suggest  that  the  major  PDE  peak 
(lis  and  II)  probably  represents  two  sepa- 
rate enzyme  species.  The  literature  supports 
such  a  conclusion  since  many  workers  have 
now  described  three  peaks  of  PDE  activity 
in  various  tissues  (17,  23-26). 

The  concentration  of  indomethacin  re- 
sulting in  PDE  inhibition  is  within  the  dos- 
age range  of  this  drug  in  clinical  practice. 
The  fact  that  this  agent  is  an  inhibitor  of  a 
low  Km  species  of  PDE,  the  proposed  physi- 
ologically active  enzyme,  permits  one  to 
consider  the  pharmacological  effect(s)  of 
this  anti-inflammatory  drug  on  cyclic  nu- 
cleotide metabolism  in  epiphyseal  cartilage. 

Even  though  the  concentrations  of  T-3 
inhibiting  PDE  activity  are  not  within  the 
physiological  range,  we  (15)  and  others 
(24-35)  have  addressed  this  question  of 
comparing  in  vitro  hormone  effects  with  w 
vivo  action.  Since  thyroid  hormone  does  ef- 
fect bone  growth  and  maturation  in  vivo, 
the  effect  of  T-3  on  the  enzymes  involved  in 
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nucleotide  catabolism  suggests  to  us 
3ne  of  the  regulatory  effects  of  this 
one  may  be  mediated  via  the  cyclic 
otide  system. 

ce  PDE  activity  probably  has  a  role  in 
^gulation  of  cell  growth  and  prolifera- 
36),  manipulation  of  specific  PDE  en- 
(s)  by  such  inhibitors  may  represent  an 
>ach  to  altering  certain  pathological 
sses  such  as  premature  epiphyseal  clo- 
Subsequent  studies  may  provide  corre- 
is  between  cell  structure  and  enzyme 
ion. 

►m  a  basic  point  of  view,  the  PDE  in- 
>rs,  triiodothyronine  and  indometha- 
nay  be  useful  in  the  investigation  of 
heterogeneity  in  other  tissues. 
nmary.  Partial  purification  of  chicken 
lyseal  PDE  activity  by  centrifugation 
column  chromatography  has  defined 
distinct  peaks  of  PDE  activity.  The 

eluting  peak  (I)  has  a  higher  apparent 
)r  cyclic  AMP  than  the  slower  eluting 
r  peak  (Ilg  and  II).  Peak  I  has  greater 
ty  towards  cyclic  AMP  as  a  substrate 
towards  cyclic  GMP  but  does  use  both 
rates.  Peak  I  is  not  inhibited  by  T-3  or 
lethacin   at   physiological   concentra- 

Substrates  studies  demonstrate  the 
nee  of  at  least  two  overlapping  PDE 
js  in  the  major  peak  (Ilg  and  II).  There 
gestive  evidence  that  indomethacin  is  a 
potent  inhibitor  of  peak  Ilg  which  can 
ither  cyclic  AMP  or  cyclic  GMP  as 
ates,  whereas  T-3  is  a  more  potent 
tor  of  fractions  eluting  where  the  en- 
only  has  activity  with  cyclic  AMP. 
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Specificity  of  cytotoxic  T-cells  for  an- 
Tiodified  target  cells  has  been  shown 
ude  the  H-2  antigen  of  the  cell  used  to 
ate  activation  of  the  effector  cells 
Using  the  incorporation  of  PH]- 
iine  as  an  assay  of  lymphocyte  blasto- 
s,  Rosenthal  and  Shevach  have  shown 
1  guinea  pigs  proliferation  of  immune 
ocytes  induced  by  PPD  bound  to 
phages  was  much  greater  if  the  macro- 
s  were  syngeneic  to  the  responding 
han  if  they  were  allogeneic  (7).  A 
r  requirement  of  syngeneic  macro- 
s  has  been  more  difficult  to  demon- 
in  mice  because  of  the  inhibitory 
of  mouse  macrophages  on  cell  prolif- 
1  and  because  of  the  higher  back- 
i  produced  by  a  much  more  prompt 
lymphocyte  reaction  in  this  specie, 
le  experiments  reported  here  we  have 
lly  circumvented  the  inhibitory  effect 
»use  macrophages  by  reducing  their 
IT  and  largely  eliminated  the  mixed 
ocyte  reaction  by  using  F,  mice  made 
ric  with  bone  marrow  from  one  of  the 
:al  strains.  Using  lymph  node  cells  of 
lized  chimeras  we  have  shown  that 
oliferative  response  to  a  thymus-de- 
nt  antigen,  ovalbumin  (OVA),  is 
greater  when  the  antigen  is  presented 
Is  of  the  parental  strain  used  for  the 
marrow  injection  than  on  cells  of  the 
parental  strain. 

erials  and  methods.  Animals,  BALB/ 
,  CAP,  (BALB/c  X  A/J),  and  LAP, 
vere  purchased  from  Jackson  Labora- 
(Bar  Harbor,  Maine). 
lunization.  Mice  were  immunized 
00  /xg  of  OVA  in  complete  Preund's 
mt  (CPA)  in  the  footpad. 
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Pulsing  of  spleen  cells  with  antigen.  The 
cells  used  were  normal  spleen  cells  which 
were  incubated  at  37°  for  7  hr  in  a  petri  dish, 
and  the  nonadherent  cells  were  transferred 
to  a  separate  dish.  The  nonadherent  cells 
and  in  one  experiment  the  adherent  cells 
were  then  incubated  for  5  hr  with  or  without 
10  or  100  iig  OVA  ml  4  X  10«  cells.  Prelim- 
inary  experiments  demonstrated  the  re- 
quirement for  5-hr  incubation  with  antigen 
to  yield  maximum  stimulation.  The  cells 
were  then  washed  three  times  to  remove 
excess  antigen.  The  washed  spleen  cells 
were  then  mixed  with  lymph  node  cells  from 
mice  immunized  in  the  footpad  2  to  3  weeks 
earlier.  In  some  cases  25  /xg  of  mitomycin  C 
was  added  to  the  spleen  cells  for  the  last  3 
min  of  incubation.  In  one  experiment  the 
spleen  cells  were  heated  to  56°  for  30  min 
after  washing,  a  procedure  found  to  produce 
nearly  100%  loss  of  ability  to  exclude  dye. 

Culture  conditions.  Culture  conditions 
were  similar  to  those  previously  described 
(8).  Two  million  immune  lymph  node  cells 
plus  2x10®  spleen  cells  (control  or  pulsed) 
were  cultured  at  2>T  in  1  ml  of  RPMI-1640 
medium  tubes  in  a  humidified  CO2  incuba- 
tor (5%  CO2  and  95%  air).  The  medium 
contained  5%  heat-inactivated  rat  serum, 
100  units  of  penicillin  G,  and  100  /uig  of 
streptomycin/ml.  After  3  days  of  culture  1 
/LiCi  of  tritiated  thymidine  (T-^H)  (6  Ci/ 
mmole)  was  added  for  the  final  5  hr  and 
DNA  precipitated  on  glass  fiber  filters 
(Whatman  GP/C  grade)  with  trichloracetic 
acid  (TCA)  and  counted  in  a  liquid  scintilla- 
tion counter. 

Labeling  ovalbumin  with  ^^1,  To  5  mCi 
carrier-free  ^^^I  in  0.1  ml  was  added  in  se- 
quence 0.05  ml  of  0.01  N  KI,  0.5  N  HCl 
dropwise  until  acid,  0.05  ml  of  0.1  /V 
NaN02,  0.05  ml  of  0.1  M  urea,  and  5  mg  of 
OVA  in  0.5  ml  0.8%  NaCl  solution  (cf. 
refs.  9  and  10).  The  mixture  was  immedi- 
ately brought  to  pH  1 1  by  dropwise  addition 
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of  0.2  M  sodium  carbonate  buffer  (pH  12) 
and  as  soon  as  iodine  color  disappeared,  was 
brought  back  to  neutrality  by  dropwise  addi- 
tion of  0.1  HQ.  The  labeled  OVA  was  then 
dialyzed  at  4''  for  4  days  against  dilute  KI 
solution  with  daily  changes.  The  resulting 
'**I-OVA  contained  80,000  counts  per  fig 
(Folin)  and  98%  of  the  radioactivity  was 
precipitable  by  TCA. 

Preparation  of  chimera.  CAF,  mice  were 
lethally  irradiated  (800  R  of  «*Co)  and  re- 
constituted with  10  X  10^  BALB/c  bone 
marrow  cells.  A  test  for  chimerism  was 
made  after  4  weeks  on  spleen  cells  taken 
from  the  reconstituted  mice  and  separated 
twice  on  glass-bead  columns  (11).  These 
separated  spleen  cells,  which  are  mostly  T- 
cells,  were  incubated  with  BALB/c  anti  A 
serum  prepared  according  to  the  method  of 
Miller  and  Mitchell  (12),  washed,  and  then 
mixed  first  with  rabbit  anti-mouse  immuno- 
globulin serum  and  then  with  goat  anti-rab- 
bit immunoglobulin  serum  labeled  with  flu- 
orescein. Twelve  percent  of  splenic  T-cells 
from  the  reconstituted  mice  were  labeled  by 
this  technique  compared  to  53%  of  splenic 
T-cells  from  normal  CAF,  mice  and  5%  of 
splenic  T-cells  from  BALB/c  mice.  This  in- 
dicated that  the  majority  of  splenic  T-cells 


were  donor  BALB/c  type.  The  chimeras 
were  then  immunized  with  OVA  in  CFA  in 
the  footpad.  Two  to  three  weeks  later,  celk 
from  their  lymph  nodes  were  removed  and 
cultured  with  BALB/c  or  A/J  spleen  cells  in 
the  regular  manner. 

Results.  Stimulatory  capacity  of  normal 
spleen  cells.  Mice  were  immunized  with 
OVA  in  CFA  in  the  footpad.  Two  to  three 
weeks  postimmunization,  single  cell  suspen- 
sions of  the  popHteal  and  mesenteric  lymph 
nodes  were  cultured  with  nonadherent 
spleen  cells  previously  incubated  with  anti- 
gen. The  results  of  two  such  experiments  are 
shown  in  Table  I  and  demonstrate  the  excel- 
lent stimulatory  capacity  of  the  pulsed 
spleen  cells  in  the  mouse  system.  The 
amount  of  radioactivity  incorporated  into 
the  lymph  node  cells  stimulated  by  antigen- 
pulsed  spleen  cells  (group  Ic)  was  nearly  as 
great  as  when  100  fig  of  antigen  were  left  in 
the  culture  for  3  days  (group  lb).  In  Experi- 
ment II,  the  OVA  used  for  coating  the  nor- 
mal spleen  cells  was  labeled  with  ^^I.  After 
three  washings  the  amount  of  ^"I-labeled 
OVA  that  remained  with  the  spleen  cells 
was  0.1  fig.  This  amount  of  cell-bound 
OVA  was  almost  as  effective  (89%)  as  100 
fig  of  free  OVA  in  stimulating  lymph  node 


TABLE  I.  The  Response  of  Lymph  Node  Cells  from  Immunized  Mice  to  Antigen-Pulsed  Spleen 
Cells  Treated  with  Mitomycin  C  and  Heat.°-  * 


Treatment  of 

cpm 

±  SE 

Antigen  in  5- 

spleen  cells 

Antigen  in  3- 

hr  spleen  cell 

after  5-hr  cul- 

day mixed 

Group 

culture  ifigY 

ture^ 

culture  (fig) 

Expt.  1 

Expt.  2 

la 

None 

None 

None 

5,400  ±  70 

5,200  ±  100 

b 

None 

None 

100 

26,000  ±  1.000 

25,400  ±  1,800 

c 

100 

None 

None 

20,100  ±  900 

23,300  ±  300 

d 

100 

None 

100 

33,200  ±  2,700 

27.500  ±  1,300 

11  a 

None 

MitC 

None 

1 ,400  ±  200 

1,000  ±  90 

b 

None 

MitC 

100 

12,000  ±  500 

10,500  ±  450 

c 

100 

MitC 

None 

9,300  ±  900 

9.300  ±  500 

d 

100 

MitC 

100 

14,600  ±  300 

15.000  ±  800 

Ilia 

None 

Heat 

None 

2,700  ±  400 

— 

b 

None 

Heat 

100 

15,600  ±  400 

— 

c 

100 

Heat 

None 

2.500  ±  80 

— 

d 

1(H) 

Heat 

100 

15,700  ±  2,600 

- 

*•  BALB/c  mice  were  immunized  in  the  footpad  with  400  ^g  of  OVA  in  CFA  and  after  2  to  3  weeks  popliteal 
lymph  nodes  were  removed  and  cell  suspensions  prepared. 

*  Normal  BALB/c  spleen  cells  were  incubated  for  1  hr  at  37°  in  Falcon  plastic  culture  petri  dishes  to  remove 
adherent  cells.  The  nonadherent  cells  were  cultured  for  5  hr  at  37°  with  or  without  OVA.  The  cells  were  then  spun 
down  and  washed  tN^ice.  Spleen  cells  2x10*  were  then  incubated  with  2x10*  immune  lymph  node  cells  for  3 
days,  v^ith  1  fiCi  of  'H-T  added  for  the  last  5  hr. 

**  In  Experiment  II.  the  0\'.'\  added  to  spleen  cells  was  labeled  with  '"I. 

•*  Spleen  cells  \\ere  washed  three  times  (None),  treated  with  25  ^g  of  mitomycin  C  for  the  final  half-hour  of  5-hr 
culture,  and  >fc ashed  three  times  (Mit  C),  or  were  washed  three  times  and  then  heated  at  56*  for  30  min  (Heat), 
before  they  >fcere  mixed  \^ith  immune  lymph  nt>de  cells. 


OVALBUMIN   ON   ALLOGENEIC   CELLS 


113 


In  other  experiments  the  addition  of 
5  of  free  OVA  left  in  the  3-day  culture 
»nly  23%  stimulatory  as  100  /xg  (data 
iven). 

ect  of  treating  spleen  cells  with  mitomy- 
or  heat.  The  results  in  Table  I  (group 
ow  that  mitomycin  C  treatment  of  the 
1  cells  at  the  end  of  the  5-hr  culture 
ed  the  net  counts  incorporated  as  a 
of  the  antigen  added  but  increased  the 
of  experimental  to  control  counts. 
I  the  antigen-pulsed  spleen  cells  were 
d  at  56**  for  30  min  before  addition  of 
1  node  cells,  however,  they  completely 
he  ability  to  stimulate  (group  IIIc). 
indicates  that  the  antigen  remaining 
the  cells  was  insufficient  to  stimulate 
s  bound  to  a  living  cell.  The  heated 
were  not  inhibitory  to  a  response  to 
in  added  to  the  3-day  culture  (groups 
ind  d). 

lure  of  BALB/c  lymph  node  cells  to 
nd  to  antigen  on  allogeneic  LAFi 
I  cells.  Spleen  cells  from  syngeneic 
.B/c  as  well  as  allogeneic  (LAFi)]  mice 
pulsed  with  antigen  and  mixed  with 
B/c  immune  lymph  node  cells.  The  re- 
Erom  these  experiments  given  in  Table 
>w  that  antigen  associated  with  LAFi 
1  cells  was  no  more  stimulatory  to 
B/c  immune  lymph  node  cells  than 
spleen  cells  alone.  The  incremental 
of  adding  antigen  to  the  mixed  culture 
:learly  present,  however.  Because  of 
gh  background  of  stimulation  from  the 
I  lymphocyte  reaction  we  made  chi- 
»  by  lethally  irradiating  CAFi  mice  and 


reconstituting  them  with  BALB/c  bone  mar- 
row cells.  The  BALB/c  cells  which  repopu- 
lated  the  lymph  nodes  of  these  chimeras 
were  presumably  tolerant  to  A/J  antigens 
because  they  responded  only  slightly  in  a 
mixed  lymphocyte  reaction.  Chimeras  thus 
prepared  were  immunized  with  OVA  and 
their  lymph  node  cells  cultured  as  before 
with  OVA-pulsed  spleen  cells  from  BALB/c 
and  A/J  mice.  The  response  to  OVA  of 
these  chimeras  was  lower  than  with  normal 
mice,  but  the  results  shown  in  Table  III 
confirm  the  requirement  that  antigen  be 
presented  on  syngeneic  spleen  cells.  Anti- 
gen associated  with  BALB/c  spleen  cells 
was  considerably  more  stimulatory  than  an- 
tigen associated  with  A/J  spleen  cells.  The 
slight  stimulation  by  the  latter  may  have 
been  due  to  incomplete  substitution  in  the 
chimeras. 

Discussion,  One- tenth  microgram  of 
OVA  bound  to  cells  was  almost  as  effective 
as  100  fig  of  free  OVA  in  stimulating  a 
proliferative  response  of  lymph  node  cells 
from  immunized  mice.  The  relatively 
greater  efficiency  of  bound  as  compared  to 
free  antigen  may  be  much  higher  than  these 
results  indicate  since  most  of  the  cell  associ- 
ated antigen  may  have  been  irrelevant  (i.e., 
in  the  wrong  place  or  on  the  wrong  cell), 
and  the  **free"  antigen  probably  becomes 
"bound"  when  it  is  added  to  the  culture. 
There  is  now  considerable  reason  to  doubt 
that  free  antigen  is  recognized  by  T-cell  di- 
rectly since  T-cells  are  not  absorbed  by  anti- 
gen columns  (13)  and  the  specificity  of  the 
T-cell  for  antigen  appears  to  always  include 


BLE  II.  Failure  of  BALB/c  Lymph  Node  Cells  to  Respond  to  Antigen  on  Allogeneic  Spleen 

Cells. 


lin  source  of 
3leen  cells 

Antigen  in  5-hr 

culture  of  spleen 

cells  (fig) 

Antigen  in  3-day 

mixed  culture 

(Aig) 

cpm  ± 

SE 

Expt.  1 

Expt.  2 

BALB/c 
BALB/c 
BALB/c 
BALB/c 

None 
None 
100 
100 

,    None 
100 
None 
100 

750  ±  60 
5,700  ±  700 
3,600  ±  200 
7,300  ±  40 

700  ±  40 
5,000  ±  200 
3,000  ±  25 
7,400  ±  600 

LAF. 
LAF. 
LAF, 
LAF, 

None 
None 
100 
100 

None 
100 
None 
100 

20,900  ±  1 ,500 
27,100  ±  1,000 
20,600  ±  1,800 
26,200  ±  1,400 

28,200  ±  2,100 
34,300  ±  2,500 
21,400  ±  150 
32,000  ±  2,800 

ponse  to  antigen  on  BALB/c  cells 
ponse  to  antigen  on  LAF,  cells 
ponse  to  free  antigen  in  presence 
ponse  to  free  antigen  in  presence 

i 

of  BALB/c  cells 
of  LAF,  cells 

2,850 
-300 
4,900 
6,200 

2,300 

-6,800 

4,300 

6,100 
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TABLE  III.  Response  of  Lymph  Node  Cells  from  Immunized  BALB/c  to  CAF,  Chimeras  to  Antigen 

ON  Parental  Spleen  Cells." 


cpm  ±  SE  when  spleen  cells^  cultured 

Source  of  spleen 
cells 

Experiment 

Without  antigen 

with  antigen 

Net  cpm 

Ratio 

I 

BALB/c 

1 ,200  ±  83 

3,800  ±  100 

2,600 

3.2 

A/J 

3,100  ±  80 

4,900  ±  200 

1,800 

1.6 

II 

BALB/c 

700  ±  26 

2,600  ±  400 

1,900 

3.6 

A/J 

2,000  ±  100 

2,100  ±  20 

100 

1.0 

III 

BALB/c 

500  ±  80 

2,500  ±  400 

2,000 

5.0 

A/J 

1 ,300  ±  0 

1,700  ±  65 

400 

1.3 

IV 

BALB/c 

700  ±  300 

2,000  ±  100 

1,300 

2.9 

A/J 

800  ±  47 

1,000  ±  50 

200 

1.2 

°  Chimeras  were  prepared  by  injecting  BALB/c  bone  marrow  cells  into  lethally  irradiated  CAF,  mice.  Four 
weeks  later  the  chimeras  were  immunized  with  OVA  in  the  footpad.  Lymph  node  cells  from  these  mice  were  later 
cultured  with  BALB/c  or  A/J  spleen  cells  preincubated  with  or  without  100  ^g  of  OVA. 

*  Spleen  cells  were  prepared  as  in  Table  I,  except  in  Expt.  Ill  where  the  adherent  cells  were  used. 


the  H-2  antigen  of  the  presenting  cell  (1-7). 
This  may  be  true  of  non-H-2  intrisic  cell 
surface  antigens  as  well  as  of  extrinsic  pro- 
tein antigens  such  as  OVA  (6,  7).  It  is  diffi- 
cult to  understand  why  there  should  be  such 
an  inclusion  of  H-2  specificity  if  non-H-2 
antigens  could  be  recognized  by  T-cells  di- 
rectly. 

The  present  experiments  illustrate  a  pos- 
sible method  of  investigating  the  specificity 
of  T-cells  and  answering  the  questions  dis- 
cussed above.  Since  the  only  parental  cells 
in  the  chimeras  we  produced  were  bone 
marrow-derived  cells,  the  specificity  of  the 
responding  cells  for  antigen  presented  on 
cells  of  the  parental  strain  injected  implies 
that  under  in  vivo  immunizing  conditions, 
antigen  is  presented  to  the  T-cell  by  a  bone 
marrow-derived  cell.  An  important  question 
that  may  be  answerable  by  these  techniques 
is  whether  BALB/c  T-cells  would  respond 
to  antigen  presented  on  A/J  cells  if  they  are 
first  sensitized  by  antigen  on  A/J  cells.  We 
would  predict  that  if  sensitization  can  be 
accomplished  by  antigen-pulsed  allogeneic 
cells,  the  T-cells  of  such  an  animal  would 
respond  better  to  antigen  presented  on  allo- 
geneic cells  of  the  same  strain  than  to  anti- 
gen presented  on  syngeneic  cells. 

These  experiments  do  not  answer  the 
question  which  bone  marrow-derived  cell  or 
cells  (B,  T,  or  monocyte)  is  responsible  for 
presenting  the  antigen. 

It  is  possible  as  proposed  by  Rosenthal 
and  Shevach  (7)  and  Greineder  and  Rosen- 
thal (14)  that  the  macrophage  is  the  essen- 
tial cell  in  both  antigen  presentation  and 


stimulation  in  mixed  lymphocyte  reactions. 
In  experiments  with  mouse  cells,  small  num- 
bers of  macrophages  were  highly  stimula- 
tory to  allogeneic  cells  with  which  they  were 
in  contact  for  only  a  few  hours  (11,  15). 
Thus  the  nonadherent  spleen  cells  used  in 
these  experiments  may  have  been  effective 
in  presenting  antigen  because  they  con- 
tained only  the  minimum  number  of  macro- 
phages required. 

Summary.  Ovalbumin-pulsed  spleen  cells 
were  found  to  stimulate  thymidine  uptake  of 
lymph  node  cells  of  syngeneic  mice  immu- 
nized with  ovalbumin  in  complete  Freund's 
adjuvant  after  treatment  of  spleen  cells  with 
Mitomycin  C  but  not  after  heating  the 
spleen  cells  at  56°  for  30  min.  Ovalbumin- 
pulsed  spleen  cells  of  allogeneic  mice  failed 
to  stimulate  the  immune  lymph  node  cells 
more  than  unpulsed  cells,  although  a  net 
increase  in  the  thymidine  uptake  above  the 
allogeneic  stimulation  was  observed  when 
free  ovalbumin  was  added  to  the  mixed  cul- 
ture. To  eliminate  the  high  background  of 
the  mixed  lymphocyte  reaction,  F,  mice 
were  made  chimeric  with  bone  marrow  of 
one  of  the  parental  strains.  Using  lymph 
node  cells  of  the  immunized  chimeras,  the 
stimulation  by  pulsed  spleen  cells  was  much 
greater  when  antigen  was  presented  on  cells 
of  the  parental  strain  used  for  bone  marrow 
injection  than  when  presented  on  cells  of 
the  other  parental  strain. 
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The  discovery  and  morphological-immu- 
nological  properties  of  the  rat  C-type  virus 
WF-1 ,  infectious  for  normal  rat  embryo  cell 
cultures,  have  been  previously  described  (1 , 
2).  This  presumably  endogenous  C-type  vi- 
rus was  spontaneously  released  by  a  cell  line 
(WF-1)  derived  from  normal  Wistar-Furth 
rat  embryos.  The  virus  was  also  shown  to  be 
antigenically  related  to  two  C-type  viruses 
(RMTDV  and  R-35)  produced  by  cell  lines 
derived  from  rat  mammary  tumors  (3). 

Although  ail  three  viruses  are  similar 
morphologically  and  antigenically,  only 
RMTDV  had  been  found  to  produce  some 
leukemogenic  effects  when  inoculated  into 
rats  (4). 

It  was  therefore  of  interest  to  determine 
the  pertinent  biochemical  characteristics  of 
the  WF-1  virus,  non-oncogenic  for  rats,  and 
to  compare  them  with  those  of  known  onco- 
genic RNA  viruses  of  other  animal  species. 
The  results  of  this  study  are  presented  in  this 
report. 

Materials  and  methods.  Reagents.  TNE 
buffer  (0.01  M  Tris,  0.1  M  NaCl,  and  0.001 
M  EDTA,  pH  7.2),  TNM  buffer  (0.01  M 
Tris,  0.1  M  NaCl,  and  0.001  M  MgClj),  and 
sucrose  solutions  prepared  in  TNE  buffer 
were  sterilized  by  filtration  (0.45-/xm  poros- 
ity, Millipore  Corp.,  Bedford,  Mass.).  Ri- 
bonuclease-free  sucrose,  [^H]uridine  (sp  act 
25  to  28  Ci/mmole),  [>^C]uridine  (sp  act 
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36.5  mCi/mmole),  and  ['H]uridine  triphos- 
phate (sp  act  15  Ci/mmole)  were  purchased 
from  Schwarz/Mann,  Orangeburg,  N.Y. 
[3H]Thymidine  triphosphate  ([^HITTP,  sp 
act  18  Ci/mmole)  was  purchased  from  New 
England  Nuclear,  Boston,  Mass.  Electro- 
phoretically  purified  nucleases  (RNase, 
code  Rase;  and  DNase,  code  DPFF)  were 
purchased  from  Worthington  Biochemical 
Corp.,  Freehold,  N.J. 

Other  reagents  were:  2-mercaptoethanol 
(2-ME),  dithiothreitol  (DTT),  dATP, 
dCTP,  dGTP,  rATP,  rCTP,  rGTP  (Sigma 
Chemical  Co.,  St.  Louis,  Mo.),  Nonidet  P- 
40'  (Shell  Chemical  Co.,  New  York,  N.Y.), 
diethylpyrocarbonate  (DEP),  diethyl  oxydi- 
formate  (Eastman  Kodak  Co.,  Rochester, 
N.Y.),  and  trichloroacetic  acid  (TCA). 

Cell  cultures  and  meda.  The  origin  and 
propagation  techniques  of  WF-1  cells  have 
been  described  (1).  For  the  studies  reported 
here,  WF-1  cells  between  the  sixteenth  and 
twenty-eighth  in  vitro  passages  were  used. 
The  growth  medium  was  Eagle's  minimal 
essential  medium  containing  100  units  of 
penicillin  G  and  100  /xg  of  streptomycin  per 
milliliter  and  10%  fetal  calf  serum  (MEM- 
FCS).  Rat  embryo  (RE-2)  cells,  grown  in 
MEM-FCS,  were  obtained  from  Dr.  N.  Bis- 
wal,  Baylor  College  of  Medicine.  Chicken 
embryo  fibroblasts  (SPAFAS,  CEF)  fully 
transformed  by  Rous  Sarcoma  Vims  (Rous- 
Associated- Virus)  [RS  V(RA  V- 1 )]  were 
kindly  supplied  by  Dr.  P.  Meyers. 

Virus  purification.  Culture  supematants 
were  harvested  at  10-  to  14-hr  intervals 
after  the  addition  of  10  /iCi/ml  of 
[^HJuridine  to  the  WF-1  cells  or  20  /iCi/ml 
of  [^H]uridine  to  the  transformed  CEF  cells. 
The  fluids  were  clarified  at  3000  g  for  10 
min  and  concentrated  to  approx  10  ml  by 
diaflo  ultrafiltration  at  4^  under  positive  ni- 
trogen pressure.  The  402  diaflo  unit  (Ami- 
con  Corp.,  Lexington,  Mass.)  was  auto- 
claved  before  use,  and  the  centrifuge  tubes 
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:he  Amicon  PM-30  membrane  were 
zed  with  uv  light.  Concentrates  were 
ied  at  10,000 g  for  10  min. 
ncentrates  were  layered  onto  discon- 
us  gradients  of  8  ml  of  20%  sucrose 
oned  by  5  ml  of  55%  sucrose  and  then 
ifuged  at  25,000  rpm  for  2  hr  in  a 

0  SW  25.1  rotor  at  4°.  The  band  at  the 
)hase  was  collected  by  puncturing  the 
m  of  the  tube.  It  was  diluted  with  TNE 
r,  and  layered  over  a  20-ml  linear  gra- 
of  20  to  55%  sucrose.  After  8  to  10  hr 
ntrifugation  as  described  above,  frac- 
of  approx  1  ml  were  collected  from  the 
m  of  the  tube.  The  radioactivity  in  a 

1  sample  of  each  fraction  was  measured 
ml  of  Beckman  Ready-Solv  VI  (Beck- 
Instruments,  Inc.,  Fullerton,  Calif.)  or 
I  acid-insoluble  counts  retained  by  Mil- 
j  filters  (5)  in  10  ml  of  Beckman 
y-Solv  IV  in  a  Packard  Tri-Carb  Model 

scintillation  spectrometer  at  4°.  The 
int  density  of  each  fraction  was  deter- 
1  by  refractometry. 

A  extraction.  Appropriate  gradient 
3ns  were  combined  and  then  diluted 
rNE  buffer  to  contain  less  than  10% 
se.  To  each  10-ml  vol  were  added  0.1 
2-ME,  1  ml  of  1  %  DTT  in  1  %  phenol, 
.2  ml  of  DEP.  After  mixing  in  an  ice 
for  10  min,  the  preparations  were 
ed  to  approx  20°,  and  SDS  was  added 
e  a  final  concentration  of  1  % .  Prepa- 
is  were  deproteinized  with  PMQN 
ml  of  freshly  distilled  phenol  saturated 
FNE  buffer,  12  ml  of  freshly  distilled 
sol,  and  0.1  g  of  8-hydroxyquinoline, 
.4)  as  described  by  Biswal  and  Ben- 
Vlelnick  (5).  The  RNA  in  the  aqueous 

was  precipitated  at  -20°  for  at  least  2 
:er  adding  one-tenth  vol  of  20%  Na 
te  (pH  5.2)  and  2  vol  of  iced  95% 
ol.  The  RNA  precipitate  was  collected 
itrifugation  at  1 5,000 g  for  20  min  and 
issolved  in  TNE  buffer, 
ematively,  radioactive  virions  from 
terphase  of  the  discontinuous  gradient 
»m  the  appropriate  gradient  fractions 
pelleted  at  25,000  rpm  for  1  hr  in  the 
5.1  rotor.  The  pellet  was  resuspended 

ml  of  TNE  buffer  containing  2-ME, 

and  DEP  (as  described),  and  the 
was  extracted  with  1  %  sodium  dode- 
fate  (SDS). 


Centrifidgation  of  RNA,  RNA  prepara- 
tions were  layered  onto  4.6-ml  linear  gra- 
dients of  5  to  20%  sucrose  and  sedimented 
at  35,000  rpm  for  2  hr  at  4°  in  an  SW  39 
rotor.  Fifteen-drop  fractions  were  collected 
from  the  bottom  of  the  tube  into  tubes  con- 
taining 0.4  ml  of  TNE  buffer.  The  radioac- 
tivity in  each  fraction  was  assayed  as  the 
acid-precipitable  material  (5)  in  10  ml  of 
Beckman  Ready-Solv  IV.  Sedimentation 
coefficients  were  determined  by  the  method 
of  Martin  and  Ames  (6)  using  ^'^C-labeled 
28  S  ribosomal  RNA  (rRNA)  isolated  from 
RE-2  cells  or  ^H-labeled  high  mol  wt  RNA 
isolated  from  RSV(RAV-l). 

RNA  was  recovered  from  gradients  by 
collecting  15-drop  fractions  into  tubes  con- 
taining 1  ml  of  TNE  buffer,  50  fig  of  unla- 
beled rRNA,  and  0.1%  (v/v)  DEP.  The 
RNA  in  selected  fractions  was  precipitated 
with  Na  acetate  and  ethanol  as  described 
above . 

Reverse  transcriptase  assay.  Culture  su- 
pernatants  were  harvested,  concentrated, 
and  purified  as  described  herein.  The  virus 
concentration  was  based  on  the  amount  of 
protein  present  in  the  viral  band  as  deter- 
mined by  the  method  of  Lowry  et  ai,  (7). 
The  endogenous  polymerase  assay  was 
modified  from  the  method  of  Spiegelman  et 
ai,  (8).  A  standard  incubation  mixture  of 
0.1  ml  contained:  0.2  mmole  each  dATP, 
dCTP,  and  dGTP;  0.109  /utmole  PH]TTP 
(15-18  Ci/mmole);  2.8  mmole  2-ME;  12 
mmole  MgC^;  40  mmole  KCl;  and  57 
mmole  Tris-HCl  (pH  8.3).  Virus  suspended 
in  Tris-HCl  (pH  8.3)  was  preincubated  for 
10  min  at  0°  with  0.08%  Nonidet  P-40  and 
0.4%  2-ME.  The  preincubation  mixture 
was  added  to  the  incubation  mixture  and 
placed  immediately  at  37°.  After  incubation 
for  180  min,  each  sample  was  co-precipi- 
tated with  50  fig  of  bovine  serum  albumin 
by  the  addition  of  0.3  ml  of  TCA  mixture 
(equal  volumes  of  100%  TCA,  saturated 
NaH2P04,  and  saturated  Na4P2O7l0 
HgO).  After  10  min,  the  precipitate  was 
collected  on  nitrocellulose  filters  and 
washed  with  5%  TCA  and  then  with  2  ml  of 
95%  ethanol.  The  radioactivity  on  dried  fil- 
ters was  determined  as  described  herein. 

RNA'dependent  RNA  polymerase 
(RDRP)  assay.  The  incubation  mixture  con- 
sisted  of  0.25    ml   containing   (in   micro- 
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moles):  1 .0  each  of  rATP,  rCTP,  and  rGTP; 
2.67  X  10-^  of  'H-rUTP;  3  of  MgCk;  10  of 
KCl;  and  14.25  of  Tris-HCl  (pH  8.3).  The 
preparation  of  virus,  preincubation  mixture, 
and  assay  for  radioactivity  were  done  as 
described  above. 

Results,  Cultures  of  WF-1  cells  were  la- 
beled with  ['H]uridine,  and  the  supernatant 
fluids  were  tested  for  the  presence  of  radio- 
active virus  particles  by  equilibrium  centrif- 
ugation  in  sucrose  gradients.  The  RE-2 
cells,  in  which  C-type  particles  have  not 
been  seen  in  numerous  examinations  by 
electron  microscopy,  were  treated  in  a  simi- 
lar manner.  Figure  1  demonstrates  that  cul- 
ture fluids  from  WF-1  cells  produced  a 
prominent  peak  of  radioactivity  of  a  buoy- 
ant density  of  1.15  to  1.16  g/cm^.  Culture 
fluids  from  RE-2  cells  labeled  with 
PH]uridine,  or  from  WF-1  cells  labeled  with 
PHJthymidine,  failed  to  yield  a  similar 
peak. 

Volumes  of  300  to  450  ml  of  freshly  har- 
vested fluids  from  radiolabeled  WF-1  cell 
cultures  were  concentrated,  purified,  and 
used  for  isolation  of  viral  RNA.  The  RNA 
from  purified  virions  was  extracted  with 
SDS-PMQN  and  sedimented  in  5  to  20% 
linear  sucrose  gradients.  Approximately  55 
to  65%  of  the  RNA  was  located  in  the  60  to 
70  S  region  of  the  gradient.  In  some  experi- 
ments, radiolabeled  virions  were  collected 
from  the  interphase  of  discontinuous  gra- 
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Froction 
Fig.   1 .  Density  gradient  centrifugation  of  culture 
fluids  from  WF-1  cells.  Cultures  were  labeled  for  12  hr 

with     10     /xCi/ml     of     ['H]uridine     (▲ ▲)     or 

pH]thyniidine    (O O).    Supernatant    fluids   were 

concentrated  and  purified  by  centrifugation  in  sucrose 
gradients.  Fractions  of  approx  1  ml  were  collected  from 
the  bottom  of  the  tube,  and  a  50- /xl  sample  of  each 
fraction  was  assayed  for  acid-precipitable  radioactivity. 


dients  and  RNA  was  extracted  with  1% 
SDS.  There  were  no  differences  in  sedimen- 
tation coefficients  of  RNA  species  obtained 
by  either  of  these  methods.  When  compared 
to  the  position  of  28  S  rRNA  in  several 
gradients,  WF-1  RNA  sedimented  at  62  to 
68  S  (Fig.  2).  Sedimentation  of  RNA  from 
RSV(RAV-l)  and  WF-1  virions,  either  in 
separate  gradients  or  in  the  same  gradient, 
indicated  that  the  RNA  from  RSV(RAV.l) 
sedimented  slightly  faster  than  the  RNA 
from  WF-1  virus  (Fig.  3).  Accepting  a  sedi- 
mentation coefficient  of  71  S  for  the  avian 
virus  RNA  (9),  WF-1  viral  RNA  sedi- 
mented at  approx  64  S.  It  has  also  been 
reported  that  high  mol  wt  RNA  from 
RSV(RAV)  sediments  slightly  faster  than 
the  high  mol  wt  RNA  from  mouse  mam- 
mary tumor  virus  (9,  10). 

The  experiments  described  above  were 
done  with  RNA  extracted  from  virions  har- 
vested after  10-  to  14-hr  incubation.  How- 
ever, when  WF-1  cells  were  labeled  for  24 
to  48  hr,  or  when  multiple  harvests  were 
made  and  each  harvest  was  held  at  4  or 
-20**  until  the  final  harvest,  the  recovery  of 
high  mol  wt  RNA  ranged  from  0  to  40%, 
with  the  remainder  of  the  cpm  spread  over  a 
range  of  4  to  40  S.  Virus  preparations  that 
were  frozen  and  thawed  only  once  yielded 
primarily  (80  to  100%)  4  to  12  S  RNA.  In 
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Fraction 
Fig.  2.  Velocity  sedimentation  of  viral  RNA.  Ra- 
dioactive WF-1  virions  were  collected  from  the  inter- 
phase of  a  discontinuous  20  to  55%  sucrose  gradient, 
pelleted,  and  lysed  as  described  in  the  text.  The  'H- 
labeled  viral  RNA  was  centrifuged  with  **C-labcled  28 
S  rRNA  in  a  5  to  20%  sucrose  gradient  at  35,000  rpm 
for  2  hr  in  a  Spinco  SW  39  rotor.  Fractions  of  15  drops 
were  collected  from  the  bottom  of  the  tube  and  assayed 
for  acid-precipitable  radioactivity.  The  arrow  in  this 
and  the  following  figures  shows  the  position  of  the  peak 
of  '^C-labeled  28  S  rRNA  from  normal  rat  embryo 
cells. 


MOLECULAR   ASPECTS   OF   A    RAT   C-TYPE   VIRUS 


119 


'^'^■^•f'it'^t'i'S: 


J I \ I L 


6     8      10     12     14     16     18     20     22     24     26     28 


Fraction 

.  3.  Velocity  sedimentation  of  RNA.  Depro- 
d    preparations    of   'H-labeled    RSV(RAV-l) 

;▲ ▲)  and  WF-1  RNA  (O O)  were  sedi- 

d  in  separate  5  to  20%  sucrose  gradients.  The 
LNAs  had  been  separated  from  the  more  slowly 
mting  RNA  components  by  preparative  sucrose 
nt  centrifugation  (see  Methods).  The  procedures 
ttrifugation,  gradient  fractionation,  and  assay  for 
ctivity  are  as  described  in  Fig.  2. 

of  these  preparations,  as  much  as  1  mg 
ilabeled  28  S  rRNA  or  2000  cpm  of 
ibeled  28  S  rRNA  was  added  prior  to 
ption  of  the  virus.  Assays  of  gradient 
ons  for  '^C- radioactivity  or  optical  den- 
ndicated  good  recovery  of  28  S  rRNA, 
;sting  that  the  RNA  was  not  degraded 
ig  the  disruption  and  extraction  proce- 

ese  results  suggest  that  long  labeling 
/als  and  storage  at  4  or  -20''  may  cause 
idation  of  the  60  to  70  S  viral  RNA 

components  which  sediment  more 
y.  Similar  results  have  been  reported  in 
Bs  of  RNA  extracted  from  other  oncor- 
uses(9,  11,  12). 

e  RNA  precipitated  from  the  60  to  70 
ion  of  the  gradient  was  dissolved  in  0.2 
aCl  for  alkaline  hydrolysis  or  in  TNM 
r  for  assay  with  RNAse.  Duplicate 
les  containing  1850  cpm  of  acid-pre- 
ible  radioactivity  retained  an  average 

cpm  (1 .4%)  of  acid-insoluble  material 
treatment  with  25  /tg  of  RNase  at  37** 
0  min.  After  treatment  with  an  equal 
[le  of  1  Af  NaOH  at  80^  for  30  min, 
cate  samples  containing  3674  cpm  each 
5d  only  0.4%  of  acid-insoluble  radioac- 
.  These  results  indicate  that  the  high 
vt  RNA  is  single-stranded  and  that  no 

than  0.4%  of  the  nucleic  acid  could 
been  DNA. 

atment  of  the  high  mol  wt  RNA  of 
reus  oncogenic  RNA  viruses  with  heat 


or  DMSO  converts  the  60  to  70  S  RNA  into 
more  slowly  sedimenting  components,  indi- 
cating that  the  high  mol  wt  RNA  consists  of 
subunits.  Figure  4  depicts  the  results  ob- 
tained upon  centrifugation  of  WF-1  high 
mol  wt  RNA  after  the  sample  was  heated  at 
100°  for  2  min  in  a  sealed  ampule.  In  com- 
parison with  unlabeled  28  S  rRNA,  the 
heated  viral  RNA  dissociated  into  compo- 
nents of  approx  36  S,  18  to  20  S,  and  4  to  12 
S.  Similar  results  have  been  reported  for 
heat-dissociated  high  mol  wt  RNA  from  mu- 
rine sarcoma-leukemia  virus  (13). 

In  reverse  transcriptase  assays,  the  incor- 
poration of  [^H]TTP  into  acid-insoluble  ma- 
terial by  the  virion-associated  reverse  tran- 
scriptase was  decreased  by  the  omission  of 
MgCl2  or  two  of  the  deoxynucleotide  tri- 
phosphates (Table  I).  The  reaction  was  only 
slightly  affected  by  the  absence  of  2-ME, 
but  disruption  of  the  virions  was  necessary 
for  maximum  polymerase  activity.  If  the  dis- 
rupted particles  were  treated  with  RNase 
before  addition  to  the  incubation  mixture,  a 
47%  loss  of  precipitable  counts  resulted, 
indicating  dependence  upon  the  presence  of 
RNA  for  maximum  activity.  The  product  of 
polymerization  using  this  endogenous  tem- 
plate was  not  affected  by  RNase  but  was 
rendered  acid-soluble  by  DNase  treatment 
(Table  II),  indicating  the  presence  of  DNA 
in  the  product.  However,  annealing  experi- 
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Fig.  4.  Velocity  sedimentation  of  heat-dissociated 
WF-1  viral  RNA.  ^H-labeled  viral  RNA  was  separated 
from  more  slowly  sedimenting  RNA  components  by 
preparative  sucrose  gradient  centrifugation  and  heated 
at  100*^  for  2  min  in  a  sealed  ampoule.  Centrifugation 
was  in  a  linear  5  to  20%  sucrose  gradient  at  35,000  rpm 
for  2.5  hr  in  a  Spinco  SW  39  rotor.  Gradient  fractiona- 
tion and  assay  for  radioactivity  were  performed  as  de- 
scribed in  Fig.  2. 
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TABLE  L  REQuntEMENTS  of  WF-1  Viius- 
AssoaATED  Reverse  Transcriptase. 


»H  [TTP] 

mcorpor- 

ated* 

Condition' 

(q>m) 

Complete  assay  system 

1175 

Complete,  RNase  preincubation^ 

627 

No  vims 

276 

No  dCTP  and  dGTP 

352 

No  MgCl, 

432 

No  2-ME 

957 

No  Nonidet  P-40 

512 

TABLE  IL   PROPERTfES  OF  THE  PRODUCT  OF  VlRION- 

Associated  Reverse  Transcriptase.* 

Percentage 
cpm*"         cpm  recovered* 


Treatment* 


'  Assay  conditions  using  the  endogenous  template 
are  described  in  Methods.  The  preincubation  mixture 
contained  80  /ig  of  protein. 

•  Total  cpm  in  0.1-ml  test  volumes,  as  the  average  of 
two  tests. 

^  To  the  preincubation  mixture  after  the  initial  10 
min  of  incubation  was  added  10  /il  of  RNase  (1  mg/ml) 
and  1 .2  /imole  MgCU,  which  usually  was  in  the  stand- 
ard incubation  mixture.  The  preincubation  mixture 
plus  RNase  was  incubated  at  37**  for  15  min  before 
addition  to  the  standard  incubation  mixture. 

ments  to  demonstrate  complementarity  of 
the  product  to  viral  high  mol  wt  RNA  were 
not  done. 

Assays  to  detect  possible  RDRP  were 
also  performed.  All  attempts  to  detect  this 
enzyme  in  association  with  WF-1  virus  were 
unsuccessful . 

Discussion.  The  results  of  the  present 
study  indicate  that  the  virus  isolated  from 
WF-1  cells  has  several  biochemical  charac- 
teristics in  common  with  known  oncogenic 
C-type  viruses. 

The  buoyant  density  of  the  WF-1  virus  in 
sucrose  gradients  is  1 .15  to  1 .16  g/cm^.  This 
density  is  slightly  greater  than  that  (1.14  g/ 
cm^)  previously  reported  for  WF-1  virus  (2). 
This  may  reflect  the  differences  in  the  time 
intervals  used  for  labeling  the  virus  (10  to 
14  hr  as  opposed  to  48  hr)  and  the  methods 
employed  to  process  supernatant  culture 
fluids  and  purify  the  virus.  The  C-type  RNA 
tumor  viruses  contain  single-stranded  60  to 
70  S  RNA  which,  upon  treatment  with  heat 
or  DMSO,  dissociates  into  components 
which  sediment  more  slowly,  suggesting  a 
subunit  structure.  As  demonstrated  here, 
the  WF-1  virus  possesses  single-stranded 
RNA  with  a  sedimentation  coefficient  (ap- 
prox  64  S)  slightly  less  than  that  of  the  RNA 
from  RSV(RAV-l)  (71  S).  The  results  ob- 
tained upon  sedimentation  of  heat-disso- 
ciated high  mol  wt  RNA  suggest  that  the 


None  1462 

RNase  (100  /ig/ml)         1551 
DNase  (100  /ig/ml)  548 


100 
106.1 

37.3 


'  Assay  conditions  using  the  endogenous  template 
are  described  in  Methods.  The  preincubation  mixtures 
contained  80  /ig  of  protein. 

•  After  reaction  at  37*  for  3  hr,  0.1-ml  aliquots  were 
treated  as  follows:  No  treatment  but  further  incubation 
at  37**  for  90  min;  RNase  treatment  for  90  min  at  37°; 
DNase  treatment  for  90  min  at  37*. 

*"  Total  cpm  in  0.1-ml  test  volumes,  as  the  average  of 
two  tests. 

^  Untreated  sample  assumed  as  100%  reaction. 

WF-1  viral  RNA  may  be  composed  of  sub- 
units. 

The  presence  of  the  WF-1  virus  reverse 
transcriptase  is  indicated  by  the  in  vitro  syn- 
thesis of  a  DNA-like  product  when  dis- 
rupted virions  are  present  in  the  assay. 
Preincubation  of  disrupted  virus  prepara- 
tions with  RNase  significantly  decreased  the 
incorporation  of  PHJTTP,  indicating  that 
the  template  is  RNA,  and  the  product  of  the 
polymerase  assay  was  sensitive  to  DNase 
but  not  to  RNase.  The  enzyme  thus  shares 
some  of  the  characteristics  attributed  to  po- 
lymerases from  various  other  C-type  viruses 
(14-16).  No  RDRP  activity  could  be  de- 
tected in  association  with  the  virus. 

To  date  all  attempts  to  demonstrate  a 
biological  activity  of  the  WF-1  virus  in  rats 
have  been  unsuccessful  despite  of:  (a)  its 
ability  to  infect  rat  cells  in  vitro  (2),  and  (b) 
high  malignancy  of  the  rat  embryo  cell  line 
(1)  from  which  the  WF-1  virus  was  isolated. 
It  appears  at  the  present  time  that  the  WF-1 
virus  is  a  non-oncogenic  endogenous  virus 
of  rats.  However,  it  may  be  equally  likely 
that  the  oncogenicity  of  this  virus  is  re- 
pressed upon  inoculation  by  host-associated 
factors,  a  possibility  to  be  carefully  consid- 
ered in  future  studies  with  this  and  other  rat 
C-type  viruses  in  their  natural  host. 

Summary.  The  non-oncogenic  rat  C-type 
virus  WF-1,  isolated  from  a  Wistar-Furth 
rat  embryo  cell  line,  was  characterized  bio- 
chemically. The  purified  virus  has  a  buoyant 
density  of  1.15  to  1.16  g/cm^  in  sucrose, 
RNA-dependent  DNA  polymerase  (reverse 
transcriptase)  activity,  and  RNA  with  a  sed- 
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imentation  coefficient  of  62  to  68  S.  The 
viral  RNA  is  single-stranded,  and,  upon 
treatment  with  heat,  yields  components  with 
sedimentation  coefficients  of  36  S,  18  to  20 
S,  and  4  to  12  S. 

We  thank  Ms.  H.  Asmussen  for  technical  assistance, 
and  Ms.  J.  G.  Bronson  for  preparing  the  figures. 
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Decreased  Venous  Compliance  in  Dogs  with  Chronic  Renal  Hypertension'  (39341) 
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In  essential  hypertensive  patients,  evi- 
dence for  decreased  digital  and  forearm  ve- 
nous compliance  was  found  by  plethysmog- 
raphy (1,  2).  In  spontaneously  hypertensive 
rats,  Greenberg  and  Bohr  (3)  reported  de- 
creased passive  extensibility  of  portal  vein 
strips.  In  earlier  studies,  we  found  de- 
creased compliance  of  femoral  (4)  and  mes- 
enteric veins  (5)  in  dogs  with  early  one- 
kidney  perinephritic  hypertension.  The  pur- 
pose of  the  present  study  was  to  extend  our 
previous  investigations  by  determining 
whether  the  decreases  in  venous  compliance 
persist  into  the  chronic  (more  than  4  weeks) 
stage  of  one-kidney  perinephritic  hyperten- 
sion in  dogs.  We  observed  pressure-volume 
relationships  in  isolated  segments  of  femoral 
veins.  We  also  examined  the  veins  histologi- 
cally, and  measured  their  water  and  electro- 
lyte contents  in  an  attempt  to  define  the 
mechanisms  responsible  for  the  decreases  in 
venous  compliance  in  hypertension. 

Materials  and  methods.  Twenty-seven 
healthy,  male  mongrel  dogs,  weighing  19- 
29  kg,  were  trained  to  lie  quietly  during 
femoral  arterial  punctures  for  weekly  blood 
pressure  measurements.  Mean  arterial 
blood  pressure  less  than  130  mm  Hg  was 
documented  in  each  dog  prior  to  surgery. 
During  the  entire  study  period  the  dogs 
were  maintained  on  standard  dog  chow 
(Wayne  Dog  Food)  and  watered  libitum .  In 
fourteen  dogs,  randomly  selected,  one  kid- 
ney was  wrapped  in  silk  and  the  other  kid- 
ney was  removed  1  week  later  (experimen- 
tal group).  Thirteen  other  dogs  underwent 
sham-wrapping  and  contralateral  nephrec- 
tomy at  similar  time  intervals  (control 
group).  Operative  procedures  were  similar 
to  those  we  have  previously  described  (5). 
Four  to  24  weeks  following  nephrectomy, 

•  This  work  was  supported  by  U.S.  Public  Service 
Grant  No.  HL-15146  from  the  National  Heart  and 
Lung  Institute,  and  by  a  research  grant  from  the  Michi- 
gan Heart  Association. 
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the  dogs,  fasted  24  hr,  were  anesthetized 
with  sodium  thiamylal  (13.2  mg/kg  iv)  and 
mechanically  ventilated.  Blood  was  ob- 
tained for  hematocrit,  serum  creatinine  (au- 
toanalyzer),  and  serum  sodium  and  potas- 
sium (flame  photometer)  measurements.  A 
5-cm  segment  of  femoral  vein  (FV),  down- 
stream from  the  branching  of  the  caudal  FV, 
was  dissected  in  situ.  With  collaterals  tied 
off  and  cut  near  their  origins,  the  FV  seg- 
ment was  removed  and  transferred  to  a 
chamber  containing  Krebs-Ringer  (K-R)  bi- 
carbonate solution  (NaCl,  118.3  mAf ;  KCK 
4.7  mAf;  MgS04,  1.2  mAf;  KH2PO4,  12 
mAf;  CaClz,  2.5  mAf;  NaHCOj,  25.0  mA/; 
and  glucose,  11.1  mAf)  kept  at  37°  and 
aerated  with  95%  O2  and  5%  CO2  gas  mix- 
ture (Fig.  1).  The  pH  of  the  solution  was 
adjusted  to  7.40-7.43  with  OA  N  HCl. 
After  tying  each  end  of  the  cut  venous  seg- 
ment to  a  thin- walled  glass  cannula,  the  in 
vitro  length  of  the  vein  was  adjusted  to  4 
cm.  The  vein  was  perfused  at  25  ml/min 
with  the  same  K-R  solution  used  in  the 
chamber.  To  measure  venous  pressure-vol- 
ume relationships,  perfusion  was  stopped, 
the  inflow  and  outflow  tubes  were  clamped, 
and  intraluminal  pressure  was  adjusted  to 
atmospheric  pressure.  The  system  was 
checked  for  fluid  leakage  by  injecting  K-R 
solution  until  an  intraluminal  pressure  of 
40-50  mm  Hg  was  reached  and  then  by 
retrieving  all  injected  solution.  Thereafter, 
FV  pressure-volume  relationships  were  ob- 
tained by  rapid  continuous  infusion  at  3.88 
ml/min  (Harvard  infusion-withdrawal 
pump),  reaching  40-50  mm  Hg  intraluminal 
pressure  maximum  in  5-15  sec.  These  mea- 
surements were  repeated  at  least  twice  at 
25-min  intervals.  At  the  end  of  the  experi- 
ment, the  venous  segment  was  weighed  to 
within  ±0.001  g. 

Using  the  average  of  two  or  three  pres- 
sure-volume measurements,  a  venous  pres- 
sure-volume curve  was  constructed  for  each 
dog.  Volumes  (milliliters)  producing  intra- 
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1 .  Schematic  drawing  of  apparatus  used  to 
enous  pressure-volume  relationships  in  vitro. 

al  pressures  of  5,  15,  25,  and  35  mm 
hypertensive  dogs  were  compared  to 
iponding  values  in  normotensive  con- 
ogs  by  Student's  t  test.  Similarly,  pres- 
(mm  Hg)  reached  after  the  infusion  of 
0.26,  0.39,  and  0.52  ml  of  fluid  and 
ated  compliances  (AV/AP)  in  the  pres- 
ange  of  0-15  mm  Hg  in  hypertensive 
were  compared  to  corresponding  val- 
normotensive  control  dogs.  The  data 
also  analyzed  by  profile  analysis  (6). 
atter  analysis  takes  into  consideration 
ct  that  the  data  points  were  not  inde- 
nt, thereby  inducing  correlation  of  er- 
In  this  latter  analysis,  we  tested  the 
lypotheses  that  the  pressure-volume 
5  of  hypertensives  and  normotensives, 
he  volume  range  of  0-0.52  ml,  were 
el  and  not  displaced  from  one  another, 
lese  analyses,  several  pressures  in  the 
r  volume  ranges  were  derived  by  ex- 
ation  from  the  individual  pressure- 
le  curves.  Null  hypotheses  were  re- 
latP<  0.05. 

ing  the  dissection  of  the  FV,  an  addi- 
segment  of  the  vein  was  removed  for 
;is  of  water,  sodium,  and  potassium 
Its.  Water  content  was  measured  by 
ing  before  and  after  oven-drying  the 
it  100"^  for  24  hr.  The  sodium  and 
;ium  contents  were  determined  with  a 
nan  Model  105  Flame  Photometer, 
ing  digestion  of  venous  tissue  with  0.1 
[O3  for  2  weeks.  The  water  content, 
ters  per  kilogram  wet  weight,  and  so- 
and  potassium  contents,  milliequiva- 
►er  kilogram  dry  weight,  of  veins  from 
ensive  dogs  were  compared  with  cor- 
iding  values  of  control  dogs  by  Stu- 
/  test,  rejecting  null  hypotheses  at  P 


Finally,  in  three  hypertensive  and  three 
control  dogs,  a  segment  of  the  contralateral 
FV  was  removed  for  histological  examina- 
tion. Serial  sections  of  veins  were  stained 
with  hematoxylin  and  eosin,  Wilder's  reticu- 
lin,  Verhoffs  elastica,  Gomori's  trichome, 
Lillie's  allochrome,  and  AB  PAS  stains. 

Results,  Initially,  mean  arterial  blood 
pressure  (MABP)  in  the  experimental  group 
was  113  mm  Hg  {N  =14).  After  one  kidney 
was  wrapped  in  silk  and  the  opposite  kidney 
removed,  MABP  in  unanesthetized  dogs 
rose  to  170mmHg(P<  0.001,  N  =  14)  at 
the  time  of  the  venous  pressure-volume 
studies.  The  average  time  from  the  induc- 
tion of  perinephritis  to  the  time  of  the  pres- 
sure-volume studies  was  66  days  (N  =  14). 
The  average  duration  of  hypertension  (sta- 
tistically significant  increase  in  MABP)  was 
44  days  (N  =  13).  Hypertension  was  pres- 
ent in  all  dogs  for  at  least  4  weeks.  Initially, 
MABP  in  the  control  group  was  109  mm 
Hg,  and  there  was  no  significant  change  (P 
>  0.5,  N  =  13)  in  MABP  following  sham 
surgery  and  contralateral  nephrectomy.  At 
the  time  of  the  hemodynamic  studies,  the 
mean  body  weights  of  hypertensive  and  of 
control  dogs,  25.8  and  25.5  kg,  were  not 
significantly  different  (P  >  0.5).  The  gen- 
eral health  of  all  dogs  remained  good.  The 
venous  blood  hematocrit  (volume  percent) 
of  hypertensive  and  normotensive  dogs  at 
the  time  of  the  hemodynamic  studies  was 
within  normal  limits.  The  serum  creatinine 
and  serum  concentrations  of  sodium  and 
potassium  in  hypertensive  (N  =  7)  and  con- 
trol normotensive  (N  =  7)  animals  were 
also  within  normal  limits  and  not  signifi- 
cantly different  (P  >  0.5).  The  mean  weight 
of  the  femoral  vein  (FV)  segments  from 
hypertensive  dogs  used  for  pressure-volume 
studies  (0.125  g)  did  not  significantly  differ 
(P  >  0.1)  from  that  of  control  dogs  (0.137 

g). 

In  hypertensive  dogs,  the  volumes  infused 
to  reach  15,  25,  and  35  mm  Hg  were  signifi- 
cantly less  (P  <  0.05)  (Fig.  2)  and  the 
intraluminal  pressures  reached  after  the  in- 
fusion of  0.39  and  0.52  ml  of  fluid  were 
significantly  greater  (P  <  0.05)  (Table  I) 
than  in  normotensive  dogs.  In  the  pressure 
range  of  0-15  mm  Hg,  the  calculated  femo- 
ral vein  compliance  of  hypertensive  dogs 
was  significantly  reduced  compared  to  that 
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of  normotensive  dogs  (P  <  0.05)  (Table  I). 
The  pressure-volume  curves  of  both  hyper- 
tensive and  normotensive  dogs  were  convex 


VOLUME  (ml) 
Fig.  2.  In  vitro  femoral  vein  pressure- volume 
curves,  means  of  groups.  Solid  and  interrupted  lines 
indicate  the  pressure-volume  curve  of  control  (N  =  13) 
and  hypertensive  (N  =  14)  dogs,  respectively.  Hori- 
zontal bars  represent  ±SEM;  *  P  <0.05. 

Table  I.  In  Vitro  Femoral  Vein  Pressure- 
Volume  Relationships  and  Compliances.'* 


Control 

Hypertensive 
(V  =  14) 

(N  =  13) 

Pressure 

(mm  Hg) 

Volume 

(ml) 

0.13 

3.3 
±  0.6 

5.2 
±  0.9 

0.26 

6.5 
±  1.3 

13.0 
±  2.9 

0.39 

11.0 
±  2.9 

27.0 
±  6.8* 

0.52 

20.0 
±  5.1 

46.0 
±  10.4* 

Compl 

iance,  AV/AP  (ml/mm  Hg) 

Pressure 

range  (mm  Hg) 

0-15 

0.0376 
±  0.0045 

0.0256 
±  0.0031* 

"  Results  are  expressed  as  group  means  ±  SE. 
^  P  <  0.05,  for  comparisons  between  hypertensive 
)ntrol  eroups. 


and  control  groups. 


toward  the  volume  axis.  There  was  a  statisti- 
cally signiflcant  shift  of  the  pressure-volume 
curves  of  hypertensive  dogs  toward  the  pres- 
sure axis  (Fig.  2).  This  displacement  of  the 
pressure-volume  curve  in  hypertensive  dogs 
was  confirmed  by  profile  analysis  (P  < 
O.OS);  this  analysis,  however,  indicated  that 
the  two  curves  were  parallel  (P  >  0.2),  i.e., 
their  shapes  were  similar. 

The  water  and  sodium  contents  of  the 
femoral  veins  from  hypertensive  dogs  were 
significantly  greater  than  those  of  veins  from 
control  dogs  (Table  II). 

Histological  examination  of  the  stained 
sections  of  the  femoral  veins  provided  no 
evidence  for  venous  wall  abnormalities  in 
hypertensive  dogs.  Specifically,  there  was 
no  evidence  for  smooth  muscle  hypertrophy 
or  proliferation,  increased  adventitial  colla- 
gen, reticulin  or  fibrous  fibers,  accumula- 
tion of  neutral  or  acid  mucopolysaccharides, 
and  endothelial  cell  hyperplasia  and/or 
swelling. 

Discussion,  In  a  previous  study,  Over- 
beck  (4)  observed  that  the  pressure-volume 
curve  of  the  femoral  vein  (FV)  of  dogs  with 
early  (less  than  4  weeks)  one-kidney,  peri- 
nephritic  hypertension  is  shifted  in  the  di- 
rection of  the  pressure  axis,  direct  evidence 
that  venous  compliance  may  be  decreased. 
In  a  subsequent  study  (S),  we  found  that  the 
mesenteric  vein  pressure-volume  curve  in 
early  one-kidney  perinephritic  hypertensive 
dogs  is  also  shifted  toward  the  pressure  axis. 
This  was  true  both  in  in  vivo  and  in  in  vitro 
studies.  Active  venoconstriction  did  not 
seem  to  be  responsible  for  this  decreased 
venous  compliance  because  the  pressure- 
volume  curves  in  both  hypertensive  and  nor- 
motensive dogs  were  convex  toward  the  vol- 
ume axis;  venoconstriction  characteristically 
changes  the  pressure-volume  curve  to  a  sig- 
moid configuration  (7).  Furthermore,  in  hy- 
pertensive dogs  sodium  cyanide,  which 
abolishes  smooth  muscle  tone,  did  not 
change  the  shape  of  the  pressure-volume 


TABLE  II.  Venous  Wall  Water,  Sodium,  and  Potassium  Content  in  Control  and  Hypertensive 

Dogs." 


Control 


Hypertensive 


Water  (ml/kg  wet  weight) 
Sodium  (mEq/kg  dry  weight) 
Potassium  (mEq/kg  dry  weight) 


633  ±17     N  =  10 
277.6  ±  21.6N  =  8 
68.7  ±  12.7  N  =  9 


684  ±11*     N  =  10 
353.1  ±  21.7*N  =  8 
75.6  ±  24.6    N  =  9 


"  Results  are  expressed  as  group  means  ±  SE . 

*  P  <  0.05,  for  comparison  between  hypertensive  and  control  group. 
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»  or  prevent  the  shift  toward  the  pres- 
xis.  Subsequently,  Pamnani  and  Over- 
[8)  reported  increased  water,  sodium, 
otassium  contents  of  veins  in  one-kid- 
oldblatt  hypertensive  rats,  an  observa- 
tiat  might  account  for  the  changes  that 
id  observed  in  venous  compliance. 
;  findings  of  our  present  study  extend 
previous  observations  to  dogs  with 
ic  perinephritic  hypertension.  Again, 
se  chronic  renal  hypertensive  dogs,  the 
ressure-volume  curves  are  shifted  to- 
the  pressure  axis,  suggesting  decreased 
IS  compliance.  Again,  the  convexity  of 
ressure-volume  curves  is  towards  the 
le  axis,  suggesting  that  the  mechanism 
nsible  for  the  decreased  venous  com- 
e  does  not  involve  active  venocon- 
on.  By  light  microscopy  we  could  not 
nstrate  histological  changes,  but  we 
nd  increased  water  and  sodium  con- 
of  these  same  veins.  Therefore,  we 
5t  that  venous  wall  "edema"  may  ac- 
for  the  decreases  in  venous  compli- 
It  has  similarly  been  suggested  that 
screased  arterial  compliance  in  dogs 
enal  hypertension  may  be  attributable 
reased  water  content  of  arterial  walls 

yarding  the  pathogenesis  of  decreased 
iance,  our  in  vitro  studies  effectively 
late  the  possibility  that  humoral  and 
I  factors  were  immediately  responsible 
le  observed  changes.  However,  it  is 
»le  that  the  decreased  compliance  and 
mormal  composition  of  the  FV  could 
>een  the  residual  effects  of  humoral  or 
1  factors. 

rario  ei  ai.  (10)  found  increased  car- 
output  in  early  one-kidney  perinephri- 
^ertensive  dogs.  In  the  chronic  stage  of 
tension,  cardiac  output  returned  to 
il.  Their  dogs  were  prepared  similarly 
s.  The  decreased  femoral  and  mesen- 
'ein  compliance  that  we  found  in  early 
tension  may  contribute  to  the  initial 
f  cardiac  output  by  increasing  venous 
.  However,  the  present  study  indi- 
that  this  reduction  of  femoral  vein 
iance  apparently  persists  into  the 
c  stage  of  hypertension.  If  veins 
;hout  the  body  are  similarly  affected, 
he  present  findings  suggest  that  the 


return  to  normal  of  cardiac  output  in  the 
chronic  stage  of  hypertension  is  due  to 
mechanisms  other  than  the  return  of  venous 
compliance  to  normal. 

Summary,  Femoral  vein  (FV)  pressure- 
volume  relationships  were  measured  in  vitro 
in  14  dogs  with  chronic  (more  than  4 
weeks),  one-kidney  perinephritic  hyperten- 
sion and  in  13  unilaterally  nephrectomized 
normotensive  control  dogs.  Segments  of  FV 
were  also  examined  histologically  and  ana- 
lyzed for  their  water  and  electrolyte  con- 
tents. Compared  to  controls:  (i)  the  FV 
pressure-volume  curves  of  hypertensive 
dogs  were  shifted  toward  the  pressure  axis 
(P  <  0.05);  (ii)  calculated  venous  compli- 
ance in  the  pressure  range  of  0-15  mm  Hg 
was  decreased  {P  <  0.05);  and  (iii)  the 
water  and  sodium  contents  of  veins  from 
hypertensive  dogs  were  increased  {P  < 
0.05).  Histological  examination  of  the  FV 
from  hypertensive  and  control  dogs  did  not 
reveal  significant  differences.  The  findings 
indicate  that  the  decreases  in  venous  com- 
pliance that  we  have  previously  observed  in 
the  early  stages  (less  than  4  weeks)  of  peri- 
nephritic hypertension  in  dogs  persist  into 
the  chronic  stage  of  hypertension.  Venous 
wall  **edema"  may  account  for  the  de- 
creased venous  compliance  in  this  form  of 
hypertension. 
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Cholera  toxin  elaborated  by  Vibrio  chol- 
erae  binds  essentially  irreversibly  to  its 
membranous  receptor  within  minutes  of 
contact  with  intestinal  cells  (1).  The  result- 
ing increase  in  intestinal  fluid  and  electro- 
lyte secretion  is  mediated  by  toxin  activation 
of  the  intestinal  adenylate  cyclase-cyclic 
AMP  system  (2).  Cholera  toxin  is  also  able 
to  activate  adenylate  cyclases  in  a  variety  of 
nonintestinal  mammalian  tissues  (3-S).  Ef- 
fective therapy  for  cholera  now  consists  of 
replacement  of  fluid  and  electrolytes  and 
administration  of  antibiotics  (6).  Although 
this  therapy  is  very  successful  when  initiated 
early,  logistics  is  a  major  problem  in  treating 
patients  in  underdeveloped  areas.  There- 
fore, a  simpler  method  of  treating  cholera  is 
needed.  Theoretically,  agents  which  lower 
intestinal  cyclic  AMP  content  could  either 
complement  or,  perhaps,  replace  current 
therapy. 

Although  various  attempts  have  been 
made  to  blunt  the  cholera  toxin  response, 
little  success  has  been  achieved.  Antibodies 
to  cholera  toxin  which  are  effective  in  re- 
moving free  toxin  from  solution  cannot  re- 
move the  toxin  from  its  membranous  recep- 
tor (7).  Similarily,  ganglioside  Gmi,  the 
toxin's  membranous  receptor,  is  effective  in 
binding  free  but  not  bound  toxin  (8).  A 
natural  occuring  toxoid  is  capable  of  inhibit- 
ing cholera  toxin  binding  and  thereby  toxin 
action  (9).  However,  since  the  toxoid  acts 

•  In  conducting  the  research  described  in  this  report, 
the  investigators  adhered  to  the  "Guide  for  Laboratory 
Animal  Facilities  and  Care/'  as  promulgated  by  the 
Committee  on  the  Guide  for  Laboratory  Animal  Facili- 
ties and  Care  of  the  Institute  of  Laboratory  Animal 
Resources,  National  Academy  of  Sciences-National 
Research  Council.  The  facilities  are  fully  accredited  by 
the  American  Association  of  Accreditation  of  Labora- 
tory Animal  Care. 

^  Present  address:  Departments  of  Biochemistry  and 
Medicine,  VA  Hospital,  University  of  Pittsburgh 
School  of  Medicine,  Pittsburgh,  Pennsylvania  15240. 


by  forming  an  inactive  complex  with  the 
membrane  receptor,  it  must  be  adminis- 
tered prior  to  the  toxin  making  it  unsuitable 
for  therapeutic  use.  Similarily,  ethacrynic 
acid  (10)  and  cycloheximide  (11)  have  been 
shown  to  reverse  some  of  the  effects  of  chol- 
era toxin,  but  neither  is  suitable  as  a  thera- 
peutic agent  for  use  in  humans.  These  re- 
sults suggest  that  other  pharmacological 
agents  might  be  found  which  would  reverse 
cholera  toxin  effects  and  be  safe  for  human 
use.  In  this  regard,  recent  studies  have 
shown  that  adenosine  and  related  analogs 
are  capable  of  inhibiting  adenylate  cyclase 
in  a  variety  of  systems  (12-15).  Therefore, 
the  ability  of  these  agents  to  inhibit  cholera 
toxin  activation  of  human  embryonic  intes- 
tinal epithelial  cell  adenylate  cyclase  was 
investigated. 

Materials  and  methods,  [a-^^pj^jp 
[^HJcyclic  AMP,  and  Riafluor  were  pur- 
chased from  New  England  Nuclear,  Boston, 
Mass.  Cholera  toxin  was  purchased  from 
Schwarz/Mann.  2'  ,5'-Dideoxyadenosine 
and  2'-fluoroadenosine  were  kindly  sup- 
plied by  the  Drug  Development  Branch, 
Division  of  Cancer  Treatment,  National 
Cancer  Institute,  Bethesda,  Md.  All  other 
chemicals  were  purchased  from  standard 
sources  in  the  highest  available  grade. 

Tissue  culture  preparation.  Human  em- 
bryonic intestinal  epithelial  cells,  CCL-6, 
were  obtained  from  the  American  Type 
Culture  Collection,  Rockville,  Md.  Cell 
monolayers  were  grown  to  confluency  in 
sterile  60-  or  150-mm  petri  dishes.  Growth 
media  consisted  of  Hanks  basal  minimal  es- 
sential medium  supplemented  with  15%  fe- 
tal calf  serum  (16). 

Preparation  and  assay  ofCCL-d  cell  aden- 
ylate cyclase.  After  incubating  cells  in  150- 
mm  petri  dishes  for  18  hr  at  37°  with  0.7  fxgl 
ml  of  cholera  toxin,  monolayers  were 
washed  twice  with  10  ml  of  RPMI-1640. 
Three  dishes  of  cells  were  then  suspended 
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^chanical  scraping  in  a  total  of  20  ml  of 
M  Tris-HCl  (pH  7.6),  containing  2.0 
MgS04,  0.5  mAf  EDTA,  and  1.0  mAf 
)threitol.  After  homogenizing,  the  sus- 
on  was  diluted  to  30  ml,  passed 
igh  gauze,  and  centrifuged  at  3000  g 
0  min.  This  pellet  was  homogenized  by 
in  1 .5  ml  of  buffer.  Twenty- five  micro- 
of  homogenate  (150-200  /tg  protein) 
assayed  for  adenylate  cyclase  activity, 
lenylate  cyclase  activity  was  measured 
he  conversion  of  [a-^^P]ATP  into 
ryclic  AMP  as  previously  described  us- 
le  alumina  column  method  (17).  Under 
assay  conditions,  both  stimulated  and 
Emulated  cyclase  activities  were  linear 
g  a  10-min  incubation  at  30®.  Protein 
^ntrations  were  estimated  by  the  Lx)wry 
od  (18)  using  bovine  serum  albumin  as 
idard. 

termination  of  cyclic  AMP,  Cells  were 
ed  twice  with  2  ml  of  RPMI-1640  to 
ve  serum  and  incubated  at  37**  with  2 
•  RPMI-1640  containing  100  ng/ml  of 
ra  toxin  in  60-mm  petri  dishes  for  6  hr. 
ninary  studies  showed  no  major  differ- 
i  between  6-hr  compared  to  18-hr  incu- 
ns.  After  exposure  to  cholera  toxin  for 
r,  test  agents  were  added.  At  5.75  hr,  1 
>f  RPMI-1640  containing  3  mA/  1- 
iyl-3-isobutylxanthine  (MIX)  was 
d.  The  incubation  was  terminated  at 
nd  of  6  hr  by  removing  the  media  and 
ig  1  ml  of  boiling  50  mAf  sodium  ace- 
)uffer,  pH  4.0,  containing  2000  cpm  of 
yclic  AMP  to  assess  recovery  (approx 
).  Cells  were  scraped  into  size  A  A 
las  homogenizers,  homogenized,  and 
:d  at  100**  for  10  min.  The  cooled  ho- 
inates  were  centrifuged  at  3000  rpm  for 
in.  Aliquots  (50  fil)  were  then  assayed 
tly  for  cyclic  AMP  content  by  the  bind- 
rotein  method  of  Oilman  (19)  as  modi- 
)y  Mashitere/d/.  (20).  Cell  pellets  were 
Ived  with  0.2  A^  NaOH  and  the  protein 
mtration  was  determined  by  the  Lx)wry 
in  method  (18).  Data  is  expressed  on 
asis  of  total  picomoles  of  cyclic  AMP 
late,  but  similar  results  are  obtained  on 
milligram  of  protein  basis. 
stilts.  Six  hours  after  addition  of  chol- 
3xin  to  CCL-6  cells,  the  cyclic  AMP 
nt  dramatically  increased  by  85  ±  6 
j/plate  (Table  I,  Expt.  1).  Of  the  com- 


TABLE  I.  Effect  of  Various  Adenosine 

Analogs  on  Cholera  Toxin-Mediated  Increases 

IN  CCL-6  Cell  Cyclic  AMP  Content." 


Picomoles 

Concn. 

cyclic  AMP/ 

Additions 

inM) 

plate  ±  SEM 

Experiment  1 

None 

104  ±  6 

2 '  ,5  '-Dideoxyadenosine 

130 

46  ±  4 

70 

71  ±  4 

35 

97  ±  5 

Adenosine 

130 

116  ±  9 

2  '-Deoxyadenosine 

130 

83  ±  3 

2-ChIoroadenosine 

130 

121  ±  4 

2-FIuoroadenosine 

130 

114  ±  9 

7-Deazaadenosine 

130 

97  ±  8 

Experiment  2 

None 

142  ±  8 

2 '  ,5  '-Dideoxyadenosine 

130 

78  ±  7 

Adenosine  5 '-sulfate 

130 

135  ±  3 

3  '-Deoxyadenosine 

130 

129  It  12 

Dimethylallyladenosine 

130 

155  ±  6 

1-Methyladenosine 

130 

149  ±  10 

"  Cholera  toxin  (100  ng/ml)  was  added  at  zero  time 
to  CCL-6  cells.  Test  agents  were  present  during  the  last 
30  min,  and  l-methyl-3-isobutylxanthine  during  the 
last  15  min  of  a  6-hr  incubation.  Controls  contained  19 
±  2  and  12  ±  2  pmole  of  cyclic  AMP  per  plate  for 
Experiments  1  and  2,  respectively.  N  =  4. 


pounds  tested,  only  2 ',5 '-dideoxyadenosine 
and  2 '-deoxyadenosine  successfully  sup- 
pressed cholera  toxin-mediated  increases  in 
cyclic  AMP  content.  2', 5 '-Dideoxyadeno- 
sine was  the  more  potent  inhibitor.  As 
shown  in  Table  I,  Expt.  1,  2 ',5 '-dideoxy- 
adenosine inhibited  cholera  toxin  by  nearly 
70%  while  2 '-deoxyadenosine  inhibited  by 
only  25%.  2 ',5 '-Dideoxyadenosine  was 
able  to  effectively  inhibit  cholera  toxin  from 
5  to  60  min  after  addition  to  cholera  toxin- 
treated  cells;  shorter  and  longer  times  were 
not  examined. 

The  ability  of  2', 5 '-dideoxyadenosine  to 
directly  inhibit  CCL-6  cell  adenylate  cyclase 
was  examined  next.  At  500  /llA/,  the  adeno- 
sine analogs  tested  caused  a  95  to  20% 
inhibition  of  cholera  toxin-stimulated  aden- 
ylate cyclase  activity  (Table  II).  2', 5 '-Di- 
deoxyadenosine was  again  the  most  potent 
inhibitor.  Shown  in  Fig.  1  is  the  concentra- 
tion-dependent inhibition  of  cholera  toxin 
activation  of  adenylate  cyclase  by  2', 5 '-di- 
deoxyadenosine .  Half-maximal  inhibition 
was  seen  at  16  fiM.  To  determine  the  extent 
of  2 ',5 '-dideoxyadenosine  inhibition  of 
adenylate  cyclase  activity,  the  NaF-acti- 
vated  enzyme  was  also  examined  (Table 
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TABLE  II.  Effect  of  Various  Adenosine 

Analogs  on  Cholera  Toxin-Stimulated  CCL-6 

Cell  Adenylate  Cyclase  Activity.'' 


Picomoles 

cyclic  AMP 

formed/mg/lO 

Additions 

liM 

min  ±  SEM 

None 

670  ±  8 

2 '  ,5  '-Dideoxyadenosine 

500 

40  ±  10 

Adenosine 

500 

354  ±  9 

2  '-Deoxyadenosine 

500 

180  ±  6 

2-Chloroadenosine 

500 

550  ±  24 

"  Cells  grown  on  150-nim  petri  dishes  were  incu- 
bated with  0.7  /xg/ml  of  cholera  toxin.  After  18  hr, 
membranes  were  prepared  and  exposed  to  the  adeno- 
sine analogs  during  the  10-min  assay  of  cyclase  activity 
at  30*^.  The  adenylate  cyclase  activity  of  cells  not 
treated  with  cholera  toxin  was  18  ±  2  pmole  cyclic 
AMP/mg/lOmin.N  =  4. 


2  .  S-  OMNiyaiMMiM  |^M| 

Fig.  1.  Concentration-dependent  inhibition  of 
cholera  toxin-stimulated  CCL-6  cell  adenylate  cyclase 
by  2', 5 '-dideoxyadenosine.  Confluent  cells  were  ex- 
posed to  0.7  /xg/ml  of  cholera  toxin  at  37**  for  18  hr.  A 
membrane  fraction  was  then  prepared  and  cyclase  ac- 
tivity determined  in  the  presence  of  the  indicated  con- 
centrations of  2',5'-dideoxyadenosine  N  =  A. 

III).  As  previously  shown  by  Kantor  et  al. 
(21),  NaF  stimulated  CCL-6  cell  adenylate 
cyclase  to  a  larger  extent  than  cholera  toxin. 
2 '  ,5  '-Dideoxyadenosine  inhibited  both 
stimulated  enzymes.  There  was  greater  inhi- 
bition of  the  cholera  toxin  than  NaF-stimu- 
lated  enzyme. 

Discussion.  This  study  demonstrates  a  po- 
tential usefulness  of  certain  adenosine  ana- 
logs in  blunting  the  increases  in  intestinal 
cell  cyclic  AMP  caused  by  cholera  toxin.  Of 
the  adenosine  analogs  tested,  2 ',5 '-dideoxy- 
adenosine was  the  most  effective  inhibitor. 
Similarly,  Fain  et  al.  (13)  have  shown  this 
compound  to  be  the  most  effective  adeno- 
sine inhibitior  of  fat  cell  adenylate  cyclase. 
Inhibition  was  not  due  to  a  nucleotide  inter- 
mediate since  2 ',5'  dideoxyadenosine  is  not 
suitable  for  such  a  conversion  (22).  Al- 


though CCL-6  cell  adenylate  cyclase  activity 
has  been  shown  to  be  elevated  by  2  hr  after 
addition  of  toxin  (16),  inhibition  by  2',5'- 
dideoxyadenosine  in  intact  cells  was  ob- 
served at  6  hr  after  toxin  addition,  well  after 
initial  activation  of  adenylate  cyclase  occurs. 
Inhibition  was  apparent  by  5  min  after  addi- 
tion of  inhibitor  and  could  be  sustained  for 
at  least  1  hr.  This  lowering  in  the  cyclic 
AMP  content  of  cholera  toxin-treated  cells 
could  not  be  explained  by  excretion  of  cyclic 
AMP  into  the  media  since  no  change  in  the 
CCL-6  cell  media  cyclic  AMP  content  was 
observed.  Furthermore,  in  additional  stud- 
ies not  shown,  2 ',5 '-dideoxyadenosine  inhi- 
bition of  cholera  toxin  was  also  observed  in 
murine  thymocytes  where  cells  plus  media 
were  analyzed. 

Inhibition  of  cholera  toxin-mediated  in- 
creases in  cellular  cyclic  AMP  content  was 
reflected  in  a  corresponding  decrease  in 
CCL-6  cell  adenylate  cyclase  activity.  The 
NaF-,  as  well  as  cholera  toxin-,  stimulated 
cyclase  was  inhibited.  Differences  in  the 
mechanism  of  adenylate  cyclase  activation 
by  NaF  and  cholera  toxin  have  been  re- 
ported (23-25)  and  are  reflected  in  the  in- 
sensitivity  of  the  NaF-stimulated  cyclase  to 
2 '  ,5  '-dideoxyadenosine  inhibition  com- 
pared to  the  toxin-stimulated  enzyme.  Var- 
ious adenosine  analogs  have  also  been 
shown  to  inhibit  adenylate  cyclase  in  rat 
brain  (12),  liver  (15),  fat  cells  (13),  and 
guinea  pig  lung  (14).  This  supplementary 
evidence  along  with  the  high  concentration 
of  cyclic  phosphodiesterase  inhibitors  pres- 

TABLE  III.  Effect  of  2', 5 '-Dideoxyadenosine 

ON  Cholera  Toxin-  and  NaF- Stimulated  CCL-6 

Cell  Adenylate  Cyclase  Acnviry." 

Picomoles  cyclic  AMP 

formed/mg/ 1 0  min  ± 

SEM 


Cholera 

Additions 

fiM 

toxin 

10  mM  NaF 

None 

730  ±  50 

1350  ±  94 

2 ',5 '-Dideoxy- 

500 

83  ±  6 

580  ±  55 

adenosine 

50 

220  ±  12 

870  ±  64 

"  Membranes  were  prepared  from  cells  exposed  to 
either  0.7  /xg/ml  of  cholera  toxin  or  diluent  (saline)  at 
37°  for  18  hr.  2 ',5 '-Dideoxyadenosine  and  NaF  were 
present  only  during  the  10-min  cyclase  assay  at  30^. 
Adenylate  cyclase  activity  of  cells  not  treated  with 
cholera  toxin  was  24  ±  2  pmole  cyclic  AMP/mg/10 
min.  N  =  4. 
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ent  during  these  experiments  and  the  irre- 
versibility of  the  cholera  toxin  binding  sug- 
gest that  the  actions  of  2',5'-dideoxyadeno- 
sine  are  at  least  due  in  part  to  direct  inhibi- 
tion of  adenylate  cyclase  and  not  activation 
of  cyclic  phosphodiesterase  or  dissociation 
of  cholera  toxin  from  its  receptor.  However, 
realization  of  the  therapeutic  usefulness  of 
2',5'-dideoxyadenosine  and  related  com- 
pounds awaits  demonstration  of  the  con- 
comitant ability  of  these  test  agents  to  lower 
cholera  toxin-mediated  intestinal  ileal  cyclic 
AMP  content  and  fluid  accumulation. 

Summary,  The  ability  of  various  adeno- 
sine analogs  to  inhibit  cholera  toxin  activa- 
tion of  the  intestinal  epithelial  cell  adenylate 
cyclase-cyclic  AMP  system  was  investi- 
gated. After  incubation  of  cells  with  cholera 
toxin  for  6  hr,  large  increases  in  cellular 
cyclic  AMP  content  were  observed.  Addi- 
tion of  2',5'-dideoxyadenosine  during  the 
last  30  min  of  this  6-hr  incubation  resulted 
in  70%  reduction  in  elevated  cyclic  AMP 
content.  Other  analogs  were  not  effective 
inhibitors.  2', 5 '-Dideoxy adenosine  was  also 
a  potent  inhibitor  of  cholera  toxin-activated 
intestinal  cell  adenylate  cyclase  activity  with 
half-maximal  inhibition  occuring  at  16  /llA/ . 
NaF-stimulated  cyclase  was  less  susceptible 
to  inhibition.  The  data  suggest  that  inhibi- 
tion by  2 ',5 '-dideoxy adenosine  is  due  at 
least  in  part  to  direct  inhibition  of  the  chol- 
era toxin-activated  intestinal  adenylate  cy- 
clase activity. 

The  author  acknowledges  the  technical  assistance  of 
Nancy  M.  Reamy,  Lorelei  L.  Stobel,  and  John  Kondig. 
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Evidence  was  presented  in  a  previous  pa- 
per (1)  suggesting  that  infection  in  man  with 
BK  virus,  a  recently  discovered  human  pa- 
povavirus,  could  induce  low  levels  of  anti- 
body to  SV40.  An  opportunity  to  examine 
the  converse  question,  as  to  whether  infec- 
tion in  man  with  SV40  could  induce  anti- 
body to  BK  virus,  was  made  possible  by  the 
retrieval  and  testing  of  sera  from  a  unique 
earlier  study  in  volunteers  infected  with  res- 
piratory syncytial  virus  (RSV)  which  was 
later  found  to  contain  live  SV40  (2). 

Materials  and  methods.  Paired  sera  were 
available  from  34  of  the  original  group  of 
healthy  adult  males  who  had  been  given  a 
nasal  instillation  of  10,000  TCIDm  of  SV40, 
in  addition  to  RSV  with  or  without  antise- 
rum. In  this  earlier  study,  antibody  to  SV40 
in  pre-  and  postinfection  sera,  starting  at  a 
1:5  dilution,  had  been  determined  in  neu- 
tralization tests  using  250  TCID50  of  SV40 
in  tubes  of  grivet  kidney  cells  (2).  Most  of 
the  postinfection  sera  had  been  obtained 
between  2  and  4  weeks  after  infection,  but  a 
few  were  collected  as  early  as  10  days,  or  as 
late  as  90  days,  after  infection.  Sera  were 
stored  continuously  at  -20**  since  comple- 
tion of  this  study  in  1960.  In  the  present 
study,  aliquots  of  these  sera  were  extracted 
with  acetone  to  give  an  initial  dilution  of 
1:20,  and  antibody  to  BK  virus  was  deter- 
mined in  a  hemagglutination-inhibition  (HI) 
microliter  test,  which  is  more  sensitive  than 
the  neutralization  test,  and  can  detect  anti- 
body to  BK  virus  in  sera  stored  at  -20''  for 
at  least  15  yr  (1). 

Results.  As  shown  in  Table  1, 18  of  the  34 
subjects  who  had  received  SV40  became 
seropositive  to  SV40,  with  neutralizing  anti- 
body titers  ranging  from  1:5  to  1:80.  None 
of  these  subjects  showed  any  rise  in  HI  anti- 
body to  BK  virus,  whether  or  not  they  had 
demonstrated  pre-existing  BK  antibody.  In 
one  of  them,  who  presumably  had  experi- 
enced a  natural  infection  with  BK  virus 


shortly  before  being  infected  with  SV40,  the 
level  of  BK  antibody  fell  from  1:2560  to 
1 :40  during  a  3-month  period  following  ad- 
ministration of  SV40. 

Discussion.  A  small  but  definite  degree  of 
antigenic  sharing  between  SV40  and  BK 
virus  has  been  demonstrated  in  serological 
studies  using  hyperimmune  animal  sera. 
Employing  the  immune-electron  micros- 
copy test,  a  weak  reaction  has  been  ob- 
served between  BK  virus  and  SV40  anti- 
sera,  and  between  SV40  and  BK  virus  anti- 
sera  (3,  4).  A  similarly  weak  reciprocal 
cross  reaction  between  SV40  and  BK  virus 
has  been  shown  to  occur  in  fluorescent  anti- 
body tests  (5).  Antisera  to  BK  virus  also 
show  low  neutralizing  activity  against  SV40 
in  plaque-reduction  tests,  and  in  tissue  cul- 

TABLE  I.  Antibody  Responses  to  SV40  and  BK 

Virus  in  18  Human  Volunteers  Infected  with 

SV40. 


BK  virus  HI 
antibody  titer 

SV40  Neutral- 
izing antibody 
titei^ 

Post- 

Post- 

Prein- 

infec- 

Prein- 

infec- 

Subject 

fection 

tion 

fection 

tion 

No  pre-existing 

BK  antibody 

1 

<20 

<20 

<5 

5 

2 

<20 

<20 

<5 

5 

3 

<20 

<20 

<5 

5 

4 

<20 

<20 

<5 

10 

5 

20 

<20 

<5 

10 

6 

<20 

<20 

<5 

20 

7 

<20 

<20 

<5 

>20 

Pre-existing  BK 

antibody 

8 

40 

40 

<5 

5 

9 

40 

40 

<5 

5 

10 

80 

80 

<5 

5 

11 

40 

40 

<5 

10 

12 

40 

40 

<5 

10 

13 

80 

40 

<5 

10 

14 

40 

40 

<5 

>20 

15 

40 

40 

<5 

>20 

16 

40 

40 

<5 

>20 

17 

80 

80 

<5 

80 

18 

2560 

40 

<5 

80 

Data  from  original  study  (2). 
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ture,  BK  virus  induces  T-antigen(s)  immu- 
nologically similar  to  or  identical  with  the 
SV40  T-antigen(s)  (5).  No  cross  reactions 
between  the  two  viruses  have  been  observed 
by  HI  (5),  CF  (3,  5),  immunodiffusion  (6), 
or  immunoelectrophoresis  (6). 

These  data  raise  the  question  of  virus  re- 
sponsibility for  the  antibody  patterns  seen  in 
man.  Vaccine  and  monkey  sources  of  SV40 
infection  are  known  to  account  for  most  of 
the  SV40  antibody  found  in  humans  (7), 
and  circumstantial  evidence  suggests  that 
BK  virus  infection  accounts  for  virtually  all 
the  rest  (1).  Evidence  presented  in  the  pres- 
ent study  indicates  that,  in  contrast,  proven 
human  infection  with  SV40,  even  in  individ- 
uals with  substantial  homologous  antibody 
responses,  does  not  induce  cross-reactive  HI 
antibody  to  BK  virus. 

Summary.  A  small  group  of  human  volun- 
teers given  live  SV40  virus,  and  who  sero- 
converted  to  SV40,  did  not  develop  any 


heterologous  antibody  response  to  BK  vi- 
rus, even  when  BK  antibody  was  demon- 
strated in  preinfection  sera.  SV40  infection 
does  not  appear  to  contribute  significantly 
to  the  patterns  of  BK  antibody  seen  in  hu- 
man populations. 
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Despite  the  availability  of  knowledge  con- 
cerning the  pathophysiology  and  clinical 
usefulness  of  lysozyme  (EC  3.2.1.17,  muco- 
peptide  N-acetylmuramylhy drolase ,  mur- 
amidase)  of  serum,  urine,  cerebrospinal 
fluid,  middle  ear  fluid,  amniotic  fluid,  geni- 
tal secretions,  breast  milk,  and  synovial 
fluid  in  the  diagnosis  of  malignant  and  infec- 
tious disorders  (1-9),  the  content  and 
source  of  lysozyme  in  pleural  fluid  remain 
poorly  understood.  In  a  preliminary  study  of 
a  patient  with  recurrence  of  acute  myelocyte 
leukemia  involving  pleura  while  bone  mar- 
row and  blood  were  in  remission,  we  found 
high  lysozyme  activity  in  the  pleural  fluid 
(10).  This  observation  raised  the  possibility 
that  measurement  of  the  enzyme  in  pleural 
fluid  might  be  useful  in  the  diagnosis  of 
pleural  leukemia  and  other  malignancies. 
Therefore,  a  prospective  study  was  con- 
ducted to  explore  the  potential  diagnostic 
value  of  the  content  of  pleural  fluid  lyso- 
zyme and  to  evaluate  the  source  of  the  en- 
zyme in  the  pleural  fluid. 

Materials  and  methods.  Pleural  fluid  was 
obtained  by  thoracentesis  from  59  patients 
admitted  to  University  Hospitals.  The 
pleural  effusion  was  due  to  malignant  neo- 
plastic diseases  in  37  patients  and  nonmalig- 
nant  diseases  in  22.  The  neoplastic  group 
was  composed  of  breast  carcinoma  in  7, 
lung  carcinoma  in  9,  malignant  lymphoma 
(including  Hodgkin's  disease  and  non- 
Hodgkin's  lymphomas)  in  9,  acute  myelo- 
blastic  leukemia  in  2,  undifferentiated  carci- 
noma in  3,  and  leiomyosarcoma,  carcinoid, 
mesothelioma,  Waldenstrom's  macroglobu- 
linemia,  malignant  melanoma,  chronic  lym- 
phocytic leukemia,  and  adenocarcinoma  of 
the  colon  each  in  1 .  The  diagnosis  of  the 
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malignancy  was  based  on  tissue  biopsy  in  all 
patients.  The  non-neoplastic  group  included 
congestive  heart  failure  in  10,  liver  cirrhosis 
in  3,  pulmonary  tuberculosis  in  2,  and  mis- 
cellaneous conditions  in  7.  Paired  serum 
samples  were  available  from  50  of  the  59 
patients.  These  were  obtained  simultane- 
ously or  within  24  hr  of  the  thoracentesis. 
The  study  was  conducted  prospectively.  In 
addition  to  the  routine  diagnostic  work-up, 
a  protocol  was  designed  to  include  the  fol- 
lowing determinations  in  each  patient:  (i) 
pleural  fluid  lysozyme,  albumin,  total  pro- 
tein, lactic  dehydrogenase,  granulocyte,  to- 
tal white  blood  cell,  culture  for  bacteria  and 
fungi,  and  cytology;  and  (ii)  serum  lyso- 
zyme, albumin,  total  protein,  lactic  dehy- 
drogenase, white  cell  count,  and  differen- 
tial. The  differentiation  of  exudate  and  tran- 
sudate was  based  on  protein  concentration 
and  the  ratio  of  pleural  fluid  and  serum 
lactic  dehydrogenase  activity  (11). 

Lysozyme  activity  was  measured  by  a 
modification  (12)  of  a  turbidometric 
method  using  egg  white  standard  (13).  The 
change  in  optical  density  at  20^  of  a  cell-wall 
suspension  of  micrococcus  lysodeikticus 
(Difco  Laboratories,  Detroit,  Michigan) 
was  measured  at  540  nm  on  a  recording 
spectrophotometer  (Perkin-Elmer  Coleman 
Instruments  Division,  May  wood,  Illinois)  at 
a  chart  speed  of  20  mm/min.  Initial  optical 
density  of  the  substrate  was  constituted  to 
0.91  ±  2  in  phosphate  buffer  at  pH  6.2.  The 
assay  is  linear  between  2.5  and  25  /tg/ml. 
Samples  with  activity  greater  than  25  /tg/ml 
were  diluted.  Normal  serum  lysozyme  de- 
termined in  our  laboratory  on  21  controls 
was  7.4  ±  0.43  /tg/ml  (mean  ±  standard 
error).  Purified  human  lysozyme  standards 
give  values  in  our  laboratory  0.30  times 
those  obtained  using  egg  white  lysozyme. 
Protein,  white  blood  count,  lactic  dehydro- 
genase, creatinine,  and  cytology  were  per- 
formed by  the  University  Hospitals  Labora- 
tory Service  using  standard  techniques. 
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'suits.  The  distribution  of  pleural  fluid 
!yme  activity  in  59  patients  with  malig- 
:ies  and  other  medical  diseases  is  shown 
ig.  1.  The  mean  pleural  fluid  lysozyme 
ity  was  not  significantly  different 
ng  various  disorders  studied.  There  was 
tgnificant  difference  between  the  malig- 

effusions  (12.17  ±  SEM  1.50)  and 
nalignant  effusions  (12.95  ±  1.82). 
wise  there  was  no  difference  between 
iudates  (11.86  ±  1.39)  and  exudates 
23  ±  2.22). 
le  correlation  between  the  pleural  fluid 

serum  lysozyme  concentrations  in 
^d  samples  from  50  patients  was  high 

a  correlation  coefficient  (r)  of  0.79 

2).  In  contrast,  the  correlation  be- 
n  pleural  fluid  lysozyme  levels  and 
ral  fluid  granulocyte  concentrations 
Jable  on  35  patients)  was  low  with  r  = 
.  Similar  relationships  were  noted  when 
romparisons  were  made  only  for  those 
nts  whose  pleural  effusion  was  due  to 
jnant  disease.  There  was  a  high  correla- 
between  pleural  fluid  and  serum  lyso- 
:  concentrations  (r  =  0.80)  and  low 
ilation  between  pleural  fluid  enzyme 
granulocyte  concentrations  (r  =  0.35). 
periments  on  four  pleural  fluid  samples 
irmed  by  mixing  fluid  (20-40%)  with  a 
yme  standard  revealed  no  evidence  of  a 

ally  occurring  inhibitor  in  the  pleural 

scussion.  The  present  study  shows  that 
ieural  fluid  lysozyme  activity  correlated 
^ith  simultaneous  serum  activity.  Fur- 
lore,  the  activity  of  the  enzyme  had 
correlation  with  disease  states,  pleural 


1 .  Pleural  fluid  lysozyme  in  malignant  and 
lignant  disorders.  Parentheses  enclose  the  num- 
^atients  in  each  group. 


10  20  30  40  50 

Pleural  Fluid  Lysozyme  (ug/ml) 

Fig.  2.  Lysozyme  activity  in  paired  serum  and 
pleural  fluid  samples. 

fluid  granulocyte  counts,  and  total  pleural 
fluid  white  blood  cell  counts.  The  relation- 
ship between  pleural  fluid  and  blood  lyso- 
zymes  appears  similar  for  both  the  transu- 
dates and  exudates.  The  indirect  evidence 
from  this  study  suggests  that  pleural  fluid 
lysozyme  may  be  derived  primarily  from  the 
blood  rather  than  the  product  of  inflamma- 
tory or  neoplastic  cells  in  the  pleural  fluid. 
This  may  be  explained  on  the  basis  of  the 
low  molecular  weight  of  lysozyme  (14,000- 
15,000)  and  its  readiness  to  diffuse  into  the 
pleural  space  from  the  circulation.  Previous 
studies  have  demonstrated  a  lack  of  correla- 
tion of  tear  (14)  and  synovial  fluid  (9)  with 
plasma  lysozyme.  This  may  be  the  result  of 
active  transport,  production,  or  release  of 
the  enzyme  by  lacrymal  gland  or  inflamed 
synovium.  There  was  no  evidence  of  a  simi- 
lar mechanism  involved  in  the  determina- 
tion of  pleural  fluid  lysozyme  activity. 

Summary.  A  prospective  study  was  con- 
ducted to  define  the  content,  significance, 
and  source  of  lysozyme  present  in  the 
pleural  fluid  in  human  diseases.  The  pleural 
fluid  lysozyme  activity  is  similar  in  various 
malignant  and  nonmalignant  transudates 
and  exudates,  and  is  of  limited  diagnostic 
value.  The  pleural  fluid  activity  correlated 
well  with  that  of  paired  serum  samples  but  it 
had  poor  correlation  with  the  disease  state, 
the  pleural  fluid  granulocyte  counts,  and 
total  white  blood  cell  counts.  The  data  sug- 
gest that  the  pleural  fluid  lysozyme  may  be 
derived  primarily  from  the  blood  and  that  it 
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is  not  the  product  of  inflammatory  or  neo- 
plastic cells  in  the  pleural  fluid  itself. 

The  authors  thank  Mr.  Richard  King  for  his  techni- 
cal assistance,  and  the  staff  of  Cytopathology  for  help 
in  the  collection  of  samples. 
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omyosinlike  proteins  occur  in  various 
s  other  than  muscle,  e.g.,  in  adrenal 
lla  (1,  2),  neuronal  elements  (3),  and 

platelets  (4,5).  It  has  been  suggested 
n  brain  synaptosomes  stenin  (myosin- 
and  neurin  (actinlike)  are  localized  in 
resynaptic  vesicles  and  the  synaptic 
)ranes  respectively  (3,6),  but  this  sub- 
ar  distribution  remains  to  be  demon- 
d. 

:ently,  specific  antiactin  autoantibod- 
VAA)  binding  to  frozen  sections  of 
th  and  striated  muscle  as  well  as  to 
ets  have  been  described  in  the  serum 
:ients  with  chronic  aggressive  hepatitis 
The  use  of  such  antibodies  and  the 
nstration  of  filaments  40-80  A  in  di- 
ir  by  electron  microscopy  has  been 
I  in  demonstrating  the  presence  of  ac- 
several  nonmuscular  cells  (8-10). 
^as  therefore  of  interest  to  investigate 
leans    of    immunofluoresence    using 

serum  whether  actin  could  be  local- 
n  isolated  amine  storage  organelles  of 
al  medulla  and  blood  platelets. 
thods.  Homogenates  of  bovine  adrenal 
lla  and  rabbit  blood  platelets  were  sub- 
J  to  ultracentrifugation  in  a  sucrose 
on  (11)  and  an  Urografin  gradient, 
:tively,  as  previously  described  (12, 
The  majority  of  the  organelles  storing 
lolamines  (adrenal  medulla)  or  5-hy- 
tryptamine  (5HT)  (platelets)  sedi- 
jd  as  a  fine  layer  at  the  bottom  of  the 
(fraction  10).  The  supematants  were 
jd  into  nine  equal  portions,  each  of 
was  diluted  1:1  with  0.3  M  sucrose, 
Itracentrifuged  for  30  min  at  180,000 
)rder  to  obtain  the  particulate  matter 
Furthermore,  portions  of  the  bottom 

(fraction  10)  were  lysed  by  twofold 
ng  and  thawing  in  distilled  water.  The 
cranes  of  the  lysed  organelles  were 

sedimented    by    ultracentrifugation 


(15).  Intact  amine  storage  organelles  and 
their  membranes  as  well  as  the  particulate 
matter  of  the  other  fractions  were  submitted 
to  electron  microscopy  and  processed  for 
the  immunofluorescence  assay.  Another 
portion  of  the  chromaffin  granules  was  lysed 
in  hypotonic  KCl  (0.015  M)  followed  by 
dialysis  against  4  liters  of  0.15  M  KCI  (16). 
The  membranes  were  sedimented  by  ultra- 
centrifugation (180,000  g  for  30  min)  and 
also  examined  for  immunofluorescence. 

For  electron  microscopy,  the  material  was 
fixed  in  an  ice-cold  3%  solution  of  glutaral- 
dehyde  in  cacodylate  buffer,  pH  7.4,  post- 
fixed  in  2%  solution  of  osmium  tetroxide  in 
the  same  buffer  at  4°,  dehydrated  in  graded 
concentrations  of  alcohol,  and  embedded  in 
Epon  812.  Ultrathin  sections  stained  with 
uranyl  acetate  and  lead  citrate  were  exam- 
ined with  a  Philips  300  electron  microscope. 

The  immunofluorescence  reaction  was 
performed  on  4-/uLm  sections  obtained  by 
cutting  the  frozen  material  on  a  cryostat. 
After  treatment  for  30  min  with  AAA  se- 
rum, followed  by  washing  in  phosphate- 
buffered  saline  (PBS),  the  sections  were 
stained  for  30  min  with  a  fluoresce  in-conju- 
gated IgG  fraction  of  goat  antiserum  to  hu- 
man IgG  (Miles  Seravac,  Lausanne,  Switz- 
erland, Code  64.170).  The  intensity  of  fluo- 
resence  of  the  sections  (rewashed  with  PBS 
and  mounted  in  90%  glycerol  in  PBS)  was 
compared  with  that  of  control  sections 
treated  with  normal  human  serum.  The 
AAA-containing  sera  were  obtained  from 
two  patients  with  chronic  aggressive  hepati- 
tis (7);  their  titers  (judged  by  immunoflu- 
orescent  staining  of  rat  intestinal  smooth 
muscle)  amounted  to  1/1280  and  1/640,  re- 
spectively. Tests  for  antimitochondrial  or 
anti-DNA  antibodies  as  well  as  for  antinu- 
clear  factor  were  negative  (for  details,  see 
7).  Photographs  were  taken  on  Zeiss  50/65 
barrier  filter  using  Anscochrome  color  slide 
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film  500  daylight  (Gaf  Co.,  New  York.  N. 
Y.). 

Results  and  discussion.  In  agreement  with 
previous  results,  the  electron  micrographs 
of  the  bottom  layers  of  the  centrifugation 
tubes  (as  well  as  of  the  pellets  from  fractions 
7,  8,  9  of  the  adrenal  medullary  homoge- 
nate)  showed  a  population  of  virtually  pure 
storage  organelles  with  electron  dense,  os- 
miophilic  cores  due  to  the  presence  of  high 
concentrations  of  catecholamines  (Fig.  Ic) 
and  5HT  (14).  After  lysis  of  the  organelles, 
vesicular  membranes  without  or  with  little 
osmiophilic  contents  were  seen  (15).  The 
particulate  matter  of  the  other  fractions  was 
very  poor  in  amine  storage  organelles,  but 


contained  other  subcellular  elements,  e.g.. 
in  adrenal  medulla  microsomes  (fractions  1- 
2,  Fig.  la)  and  mitochondria  (fraction  4, 
Fig.  lb)  and  in  platelet  a-granules  (fractions 
7,8). 

Treatment  of  sections  of  intact  adrenal 
chromaffin  storage  vesicles  (fraction  10) 
with  AAA  serum  followed  by  staining  with 
the  fluorescein  conjugated  anti-human  IgG 
fraction  gave  rise  to  an  intense  fluorescence 
throughout  the  preparation  with  a  few 
bright  spots  probably  due  to  irregular  distri- 
bution of  the  organelles  (Fig.  2b).  A  similar 
fluorescence  pattern  was  seen  with  the  ve- 
sicular membranes  obtained  by  freezing  and 
thawing  the  isolated  storage  organelles  in 
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III..  1.  I  l!r:islriiclunil  ;iNpccis  o\  suKclluIar  triiclions  of  hn\inc  ailrcnal  medulla,  (a)  A  microMimal  pcllcl 
(Iractntn  1)  is  \iriiiall>  pure  in  niiLrt)\cNides  ami  contains  no  chromaltin  uranulcs.  (b)  A  crude  mitochondrial  nellei 
(traetii>n  4)  is  a  mi\ed  population  ot  i>rj;anelles  containing  \cr\  few  chri>matfin  granules,  (c)  A  chromaffin  granule 
pellet  (traction  HH  ccuitains  a  high  densit\  ot  amine  storage  tirganelles.  ^.  Noradrenaline  storage  vesicle;  ^. 
adrenaline  sUMage  \ aside.  Har       I  /urn.  Magnification :  >:  22.(M)(I. 
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Fig.  2.  Immunofluorescent  staining  of  cryostat 
sections  of  different  cellular  fractions  from  adrenal 
medullary  cells  isolated  by  ultracentrifugation.  (a)  In- 
tact storage  organelles  incubated  first  with  normal  hu- 
man serum  followed  by  goat  anti-human  IgG:  no  stain- 
ing (X  400).  (b)  An  adjacent  section  incubated  first 
with  AAA  followed  by  fluorescent  goat  anti-human 
IgG:  bright  fluorescence  is  seen  throughout  the  section 
with  few  brighter  spots  randomly  distributed  (x  400). 
(c)  Storage  organelles  lysed  after  twofold  freezing  and 
thawing  in  distilled  water  stained  as  in  (b).  The  inten- 
sity and  the  distribution  of  fluorescence  are  similar  to 
that  seen  with  intact  granules  (x  400).  (d)  Storage 
organelles  lysed  in  0.015  Af  KCl,  treated  as  in  (b):  no 
staining  (x  400).  (e)  Mitochondrial  and  microsomal 
fraction  isolated  from  the  adrenal  medulla  and  treated 
as  in  (b).  A  very  faint  stain  is  present,  much  less  intense 
than  that  seen  in  fractions  of  intact  or  frozen  and 
thawed  granules  (x  400).  (f)  Intact  storage  granules 
incubated  first  with  AAA  absorbed  with  thrombostenin 
A,  followed  by  goat  anti-human  IgG:  no  staining  (x 
400). 

distilled  water  (Fig.  2c).  Frozen  sections  of 
particulate  matter  from  fractions  containing 
microsomes  and  mitochondria  (Fig.  la,  b) 
did  not  show  relevant  fluorescence  after 
treatment  with  AAA  (Fig.  2d). 

The  specificity  of  the  immunofluores- 
cence reaction  is  indicated  by  the  following 
findings:  (a)  When  sections  of  storage  or- 
ganelles were  treated  with  AAA  serum 
which  had  been  preincubated  with  highly 
purified  thrombostenin  (17)  (kindly  sup- 
plied by  Prof.  E.  F.  Liischer,  Theodor- 
Kocher  Institute,  Berne,  Switzerland)  or 
rabbit  skeletal  muscle  actin  (18),  no  immu- 
nofluorescence was  seen  on  exposure  to  the 
fluorescein  conjugated  IgG  fractions  (Fig. 
2f).  In  contrast,  sections  treated  with  AAA 


serum  preincubated  in  the  buffers  alone  de- 
veloped marked  fluorescence,  (b)  Dialysis 
of  the  isolated  storage  organelles  in  0.015  Af 
KCl  markedly  decreased  the  immunofluo- 
rescence reaction  of  sections  of  the  vesicular 
membranes  (Fig.  2e).  This  is  probably  re- 
lated to  the  previously  demonstrated  solu- 
bility of  actin  in  KCl  (19)  leading  to  a  wash- 
out of  this  protein  from  the  membrane. 

It  has  to  be  considered  that  during  the 
homogenization  and  fractionation  proce- 
dures actomyosin  might  have  precipitated 
and  cosedimented  with  the  chromaffin  gran- 
ules at  the  bottom  of  the  tube.  This  possibil- 
ity was  examined  by  putting  an  aqueous 
suspension  of  platelet  actomyosin  (isolated 
according  to  Probst  et  al.  (17))  on  a  1 .6  Af 
sucrose  solution  identical  to  that  used  for 
the  isolation  of  the  amine  storage  organelles 
(11).  After  centrifugation  (45  min  at 
142,800 g),  the  actomyosin  determined  col- 
orimetrically  (20)  equilibrated  close  to  the 
top  of  the  sucrose  solution,  and  no  sedi- 
ment was  found  at  the  bottom  of  the  tube . 

Isolated  5HT  organelles  and  their  mem- 
branes from  rabbit  blood  platelets  also  ex- 
hibited intense  fluorescence  on  exposure  to 
AAA.  The  immunofluorescence  reaction 
showed  the  same  specificity  for  actin  as 
that  observed  with  chromaffin  granules. 
However,  a  marked  fluorescence  was  also 
present  in  the  fractions  containing  a-gran- 
ules  and  mitochondria  and,  as  observed  ear- 
lier, in  frozen  sections  of  whole  platelets 
throughout  the  cytoplasm  (7).  This  indicates 
that  in  platelets  actin  is  not  only  connected 
with  membranes  of  5HT  organelles,  but  also 
with  other  subcellular  structures. 

It  is  noteworthy  that,  contrary  to  platelets 
(7),  frozen  sections  of  bovine  adrenal  me- 
dulla did  not  show  significant  immunoflu- 
orescent staining  after  treatment  with 
AAA.  This  indicates  that  the  overall 
amount  of  actin  present  in  the  cytoplasm  of 
medullary  cells  is  probably  not  sufficient  in 
order  to  be  visualized  with  the  immuno- 
fluorescence technique.  Isolation  of  the 
storage  organelles  by  ultracentrifugation  ap- 
peared to  result  in  a  concentration  of  actin, 
as  shown  by  immunofluorescence.  On  the 
other  hand,  isolation  of  mitochondria  or  mi- 
crosomes was  not  accompanied  by  concen- 
tration of  the  protein. 

Recently,    it    has    been    reported    that 
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chicken  actin  and  myosin  mixed  with  bovine 
adrenal  chromaffin  granules  adhere  to  their 
membrane,  having  two  independent  attach- 
ment points  (21).  The  present  results  indi- 
cate that,  during  the  isolation  procedure, 
endogenous  actin  remains  firmly  associated 
with  the  membranes  of  amine  storage  or- 
ganelles. This  association  appears  rather 
specific  in  the  adrenal  medulla,  but  not  in 
the  platelets,  and  may  indicate  a  direct  or 
indirect  function  of  contractile  proteins  in 
catecholamine  release  and  possibly  in  the 
release  reaction  of  platelets. 

The  nature  of  the  events  leading  to  mono- 
amine liberation,  however,  is  not  yet 
known.  Actin,  in  relation  with  vesicular 
membranes,  may  interact  with  myosinlike 
proteins  and,  as  suggested  before  (6,  22, 
23),  may  lead  to  the  fusion  of  vesicular  and 
plasma  membrane  resulting  in  exocytosis.  In 
addition,  it  has  to  be  considered  that  the 
actomyosin  system  has  a  function  in  actively 
expelling  the  amines  from  the  storage  vesi- 
cles during  the  process  of  release  (24). 

Summary .  A  histo-immunofluorescence 
technique  using  anti-actin  antibodies  has 
been  applied  to  various  subcellular  fractions 
of  bovine  adrenal  medulla  and  rabbit  blood 
platelets.  In  the  adrenal  medulla  only  the 
membranes  of  the  chromaffin  granules,  but 
not  the  fractions  containing  other  subcellu- 
lar particles  (microsomes,  mitochondria) 
showed  marked  immunofluorescence.  In 
platelets,  considerable  fluorescence  was 
present  in  the  membranes  of  the  5-hydroxy- 
tryptamine  organelles  as  well  as  in  other 
subcellular  particles.  It  is  concluded  that  in 
the  adrenal  medulla,  actin  is  specifically  as- 
sociated with  the  membranes  of  the  amine 
storage  organelles,  whereas  in  platelets  the 
protein  shows  a  rather  general  subcellular 
distribution. 
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assium  Cyanate,  An  in  Vitro  Inhibitor  of  Lymphocyte  Blast  Transformation 
without  in  Vivo  Activity'  (39346) 

HUR  I.  GRAYZEL,  EUGENE  F.  ROTH,  JR.,  and  CAROLYN  L.  BECK 

ent  of  Medicine,  Monte fiore  Hospital  and  Medical  Center,  and  the  Albert  Einstein  College  of  Medicine, 

Bronx,  New  York  10467 


ability  of  cyanate  to  react  with  pro- 
as been  extensively  studied  in  recent 
Allowing  reports  of  its  capacity  to 

erythrocyte  sickling  in  vitro  (1). 
.  of  the  cyanate  reaction  with  hemo- 

have  shown  that  the  N-terminal 
groups  of  the  B-chain  are  carbamy- 
irst,  but  at  higher  concentrations  of 
I  many  other  amino  groups  react  as 
:).  Since  protein  carbamylation  is  a 
I  and  nonspecific  reaction,  cyanate 
;n  studied  for  its  effects  on  other  cell 
ients,  as  well  as  for  its  toxicity  to 
.  organ  systems  in  vivo.  Alter  et  al, 
nd  definite  evidence  of  depressed  he- 
m  synthesis  in  red  cell  precursors 

with  cyanate,  and  long  term  studies 
emonstrated  severe  toxicity  in  both 
i  and  animals  treated  chronically 
'anate  doses  over  35  mg/kg/day.  In 
s,  peripheral  neuropathy  and  cataract 
on  (4)  have  been  the  most  promi- 
mptoms  of  toxicity. 
e  findings  have  led  some  workers  to 
)  cyanate  for  the  extracorporeal 
mt  of  blood  to  avoid  exposing  other 
irgans.  In  one  ongoing  study  Har- 
nd  Diederich  (5)  exposed  blood  for  4 
17°  to  50  mM  cyanate  in  a  dialysis 
e  which  resulted  in  the  carbamyla- 
hemoglobin  to  the  extent  of  2.3  mole 
late  per  mole  of  hemoglobin  tetra- 
hese  methods  expose  all  blood  con- 
is  to  cyanate  and  carbamylate  many 
f  proteins  in  cells  and  in  the  plasma, 
iating  agents,  of  which  cyanate  is 
e  well  known  for  selective  toxicity 

lymphocytes  while  the  prototype  of 
gents,  nitrogen  mustard,  has  been 
to  inhibit  the  sickling  of  red  blood 

vitro  (6).  Protein  synthesis  is  an 

sorted  by  NIH  Training  Grant  No.  TOl  AM 
),  and  by  the  John  A.  Hartford  Foundation, 


early,  essential  component  of  the  lympho- 
cyte response  to  mitogens.  It  was  of  interest, 
therefore,  to  examine  the  effect  of  exposure 
to  cyanate  on  the  cellular  arm  of  the  im- 
mune response. 

Methods  and  materials.  Isolation  of  lym- 
phocytes and  PHA  stimulation.  Blood  was 
obtained  from  laboratory  personnel  or  from 
apparently  healthy  blood  bank  donors.  In  a 
typical  experiment  40  ml  of  blood  was  col- 
lected in  sterile  plastic  centrifuge  tubes  con- 
taining 10,000  USP  units  of  heparin  in  iso- 
tonic saline  (Panheprin,  Abbot  Laborato- 
ries, North  Chicago,  111.).  Lymphocyte-en- 
riched plasma  was  obtained  by  adding  5  mi 
of  5%  dextran  in  saline  with  an  average 
molecular  weight  of  200,000  (Poviet  Pro- 
deuctin,  Amsterdam,  Holland)  and  allowing 
the  erythrocytes  to  sediment  for  30  min  at 
37°.  Nylon  fiber  columns  were  made  by  fill- 
ing a  30-ml  glass  syringe  with  nylon  wool 
(Scrub  nylon  fiber  ST-242,  Fenwall  Labora- 
tories, Morton  Grove,  111.)  washed  with  1 
liter  of  distilled  water  and  sterilized.  The 
columns  were  then  washed  with  a  small 
amount  of  tissue  culture  medium  and  the 
leukocyte-enriched  plasma  mixed  with  an 
equal  volume  of  pre  warmed  medium,  was 
passed  over  the  column  at  a  flow  rate  of  1  ml 
per  min  or  less  at  37°.  The  column  was 
washed  with  additional  tissue  culture  me- 
dium and  the  combined  eluate  containing 
lymphocytes  and  a  variable  but  small  num- 
ber of  erythrocytes  and  platelets  was  centri- 
fuged  at  400  rpm  for  10  min.  The  loosely 
packed  cells  were  diluted  in  tissue  culture 
medium  and  counted  in  a  hemocytometer. 

The  medium  used  in  all  experiments  was 
Dulbecco-Vogt  modified  Eagle's  medium 
containing  10%  calf  serum,  and  all  incuba- 
tions were  carried  out  in  a  total  volume  of  1 
ml  containing  10*  lymphocytes.  Phytohe- 
maggiutinin  P  (Difco  Laboratory,  Detroit, 
Mich.,  lot  number  575119)  was  put  into 
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solution  prior  to  each  experiment  and  used 
in  a  final,  concentration  of  250  fig/ml.  Lym- 
phocytes were  pretreated  with  potassium  cy- 
anate  (Eastmen  Kodak,  Rochester,  N.Y., 
and  recrystallization  from  ethanol)  at  a  con- 
centration of  400  /Ltg/ml,  unless  otherwise 
specified,  and  incubated  for  30  min  at  37°. 
They  were  then  washed  twice  with  tissue 
culture  medium  and  resuspended  to  a  final 
concentration  of  10®  per  ml.  Control  cells 
were  initially  treated  with  an  equivalent 
amount  of  potassium  chloride.  Phytohemag- 
glutinin  was  then  added  and  the  culture 
tubes  were  loosely  capped  and  incubated 
under  an  atmosphere  of  5%  COg  in  room  air 
for  3  or  7  days.  At  the  end  of  the  incubation 
period,  lymphocyte  viability  and  blast  trans- 
formation were  assayed  by  mixing  a  drop 
from  each  culture  tube  with  a  drop  of  freshly 
dissolved  acridine  orange  2.5  /utg/ml  in  iso- 
tonic saline  and  by  examining  the  cells  un- 
der ultraviolet  illumination  (7).  The  nuclei 
of  viable  cells  appeared  bright  green  and 
blasts  were  identified  by  their  size  and  or- 
ange cytoplasm.  On  Day  3,  0.125  /utCi  of 
PH]thymidine,  16  Ci/mmol  (Schwarz  Bio- 
research,  Orangeburg,  N.Y.)  was  added  for 
a  period  of  18  hr.  The  following  day,  the 
contents  of  each  tube  were  collected  on 
Whatman  GF-C  glass  fiber  filters  (8).  The 
tubes  were  rinsed  several  times  with  saline 
which  was  added  to  the  filter.  The  filters 
were  then  washed  with  50  ml  of  cold  iso- 
tonic saline  followed  by  25  ml  of  cold  5% 
trichlorocetic  acid  (TCA)  and  25  ml  of 
methyl  alcohol.  The  filters  were  placed  in 
glass  liquid  scintillation  vials  and  0.5  ml  of 
hyamine  was  added.  The  vials  were  stop- 
pered and  incubated  at  37°  overnight.  The 
following  morning  10  ml  of  toluene  scintilla- 
tor was  added  and  the  vials  counted. 

Mixed  lymphocyte  culture  reactions  were 
performed  as  one-way  reactions.  The  stimu- 
lating cells  were  treated  with  50  ^tg  of  mito- 
mycin C  (Schwarz  Mann,  Orangeburg,  New 
York)  for  30  min.  The  cells  were  then 
washed  twice  with  tissue  culture  medium 
and  resuspended.  Both  stimulating  and  re- 
sponder  cells  were  treated  with  mitomycin 
to  determine  base  incorporation  values.  Re- 
sponder  cells  were  pretreated  with  potas- 
sium cyanate  or  potassium  chloride  as  de- 
scribed above.  The  cultures  were  allowed  to 


incubate  for  5  days.  At  the  end  of  this  time, 
the  percentage  of  blasts  was  counted  and 
viability  assessed  by  means  of  acridine  or- 
ange staining,  and  the  incorporation  of  triti- 
ated  thymidine  was  measured  as  described 
above. 

Results.  Cyanate  was  noted  to  inhibit 
blast  transformation  in  response  to  PHA  as 
examined  by  morphologic  change  and  the 
incorporation  of  [^H]thymidine.  More  im- 
portantly 400  Mg/ml  of  cyanate  virtually 
abolished  the  response  of  lymphocytes  to 
allogeneic  lymphocytes  (Table  I).  The  val- 
ues for  each  experiment  represent  the  mean 
of  triplicate  culture  tubes. 

The  dose  of  cyanate,  400  /utg/ml,  was  cho- 
sen because  it  is  equivalent  to  the  5  mA/ 
(405  iJLglml)  dose  demonstrated  to  inhibit 
erythrocyte  sickling  in  vitro.  Cyanate  alone 
did  not  reduce  thymidine  incorporation  in 
nonstimulated  lymphocytes  by  more  than 
5%.  The  addition  of  400  /itg/ml  of  KCl  to 
stimulated  or  unstimulated  lymphocytes  had 
no  effect  on  pHJthymidine  incorporation. 
Sodium  cyanate  was  equally  effective  on  a 
weight  basis  in  inhibiting  the  PHA  response. 
In  MLC  experiments  the  reverse  experi- 
ment, namely  the  exposure  of  the  stimulat- 
ing or  mitomycin-treated  cells  to  KCNO  for 
30  min,  had  no  effect  on  the  response  of 
untreated  lymphocytes. 

In  view  of  the  effect  of  cyanate  on  the  in 
vitro  response  of  lymphocytes  in  mixed  lym- 
phocyte culture,  we  decided  to  see  whether 
cyanate  was  immunosuppressive  in  vivo. 
Some  data  were  available  on  the  pharmacol- 
ogy of  cyanate  in  mice.  Using  a  treatment 
schedule  shown  to  produce  significant  car- 
bamylation  of  hemoglobin  in  mice  (9)  we 
studied  the  ability  of  cyanate-treated  ani- 
mals to  reject  a  first  set  skin  allograft. 

Brown  CBA/J  female  mice  obtained  from 
Jackson  Laboratories,  Bar  Harbor,  Maine, 
were  grafted  with  the  skin  obtained  from 
white  A/J  mice.  Twenty  recipient  mice  with 
a  mean  weight  of  17.52  ±  1.74  g  were 
each  given  525  ^tg  of  sodium  cyanate  (Pfaltz 
&  Bauer,  Flushing,  N.Y.)  by  intraperitoneal 
injection  with  an  average  dose  of  29.96  /utg 
per  gram  body  weight.  Injections  were  given 
every  5  out  of  7  days  for  a  total  of  16 
injections  as  described  by  Cerami  (9).  The 
control  CBA/J  mice  were  given  normal  sa- 
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LE  I.  Inhibition  of  PHA-Induced  Blastogenesis  and  the  MLC  Reaction  by  Cyanatp" 


Percentage 

;  blasts 

Counts  per  minute** 

' 

MLC- 

KCNO 

Control 

PHA- 

PHA- 

MLC 

Akcno 

Am  X 

PHA 

KCNO 

PHA 

KCNO 

Contror 

Ax  Bm 

X  Bm 

Bm 

78 

4 

30,867 

9,332 

247 

15,560 

998 

396 

70 

2 

5,585 

567 

182 

2,136 

187 

110 

74 

3 

60,196 

1,710 

510 

7,769 

173 

:265 

78 

13 

101,190 

30,383 

9,481 

9,726 

506 

'      265 

70 

6 

40,810 

3,630 

1.380 

4,705 

325 

182 

68 

5 

19,690 

3,740 

367 

9,269 

166 

138 

73 

5.5 

41,389 

8,227 

2,027 

9,246 

392 

226 

±4.3 

±4.9 

±14,823 

±4,694 

±1.532 

±2,106 

±135 

±44 

esponder  cells  (A)  versus  mitomycin-treated  stimulator  cells  (Bm). 
ilue  represents  the  mean  of  triplicate  incubation  tubes. 

:ed  cells;  cells  treated  with  KCNO  alone  were  included  in  each  experiment  but  the  values  were  not 
different  from  untreated  cells. 


le  end  of  this  time,  skin  grafts  were 
i  and  injections  of  cyanate  or  sa- 
given  an  additional  seven  times, 
treated  and  nine  untreated  mice 
and  all  mice,  in  both  groups,  re- 
lir  grafts  on  Days  10  or  11. 
ion.  The  exact  means  by  which 
ihibits  lymphocyte  activation  in  vi- 
:ure,  but  one  can  speculate  that  it 
y  carbamylating  a  protein  involved 
)cess  that  results  in  blast  transfor- 
Tie  failure  to  demonstrate  an  effect 
ay  be  dose  related  since  7.5%  of  a 
*^C-labeled  cyanate  given  to  a 
as  bound  to  the  amino  terminal 
hemoglobin,  and  only  0.01%  was 
he  spleen,  while  lymph  nodes  and 
3d  cells  were  not  specifically  exam- 
).  Furthermore,  Nehlsen  and  Lale- 
lave  demonstrated  prolongation  of 
;rafts  in  mice  following  the  daily 
of  sodium  cyanate  at  approxi- 
^  Mg/g  of  body  weight,  a  dose  they 
to  cause  moderate  toxicity.  It  is 
ble  that  a  less  stringent  test  of  in 
inity  than  allograft  rejection  might 
I  by  cyanate  administration, 
nces  between  the  in  vitro  and  in 
ity  of  cyanate  have  been  observed 
ty  of  biological  processes.  For  ex- 
mAf  cyanate  inhibits  hemoglobin 
n  isolated  human  reticulocytes  but 
/  does  not  inhibit  erythroid  cell 
n  nor  produce  a  lack  of  hemoglo- 
»  (1 1).  In  addition  to  these  discor- 
ts  with  cyanate  apparent  contra- 


dictions between  in  vitro  and  in  vivo  effects 
have  been  noted  in  studies  on  lymphocytes 
involving  other  agents.  Aspirin,  for  exam- 
ple, has  been  reported  to  inhibit  lymphocyte 
transformation  in  vitro  but  contradictory  re- 
sults have  been  obtained  following  its  ad- 
ministration in  vivo  (12-16).  A  drug  may  be 
more  toxic  in  vitro  due  to  the  absence  of 
detoxifying  or  excretory  mechanisms  of- 
fered by  the  liver  and  kidney  in  vivo. 

At  the  present  time  an  extracorporeal 
method  of  cyanate  treatment  for  sickle  cell 
anemia  is  being  considered  in  which  the  in 
vitro  model  of  drug  usage  is  more  relevant. 
Blood  will  be  exposed  to  high  concentra- 
tions of  cyanate  for  a  short  time,  then  cya- 
nate will  be  removed  by  cell  washing  or 
dialysis  and  the  blood  reinfused.  Our  data 
suggest  that  lymphocytes  exposed  to  this 
amount  of  cyanate  may  show  a  diminished 
response  to  both  specific  and  nonspecific 
antigens.  A  large  pool  of  lymphocytes  resid- 
ing outside  the  vascular  compartment,  in  the 
lymph  nodes,  spleen  and  thymus,  and  bone 
marrow,  will  not  be  affected  initially.  With 
chronic,  intermittent  treatment,  however, 
very  many  more  lymphocytes  will  be  ex- 
posed to  cyanate.  Our  data  do  not  bear 
directly  on  the  immunologic  status  of  such 
an  individual,  but  they  do  suggest  caution  in 
the  treatment  of  whole  blood  in  vitro  with 
cyanate  until  appropriate  studies  are  done. 

Summary.  Potassium  cyanate  (400  /utg/ 
ml)  inhibited  the  blastogenesis  of  lympho- 
cytes in  response  to  PHA  and  the  response 
of  lymphocytes  in  mixed  lymphocyte  cul- 
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tures.  Cyanate  administered  to  mice  at  a 
dose  of  30  mg  per  kg  per  day  did  not  delay 
allograft  rejection. 

The  authors  wish  to  thank  Dr.  Sandra  Nehlsen  for 
help  with  the  skin  grafting. 
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)ine  sulphate  can  suppress  gonado- 
elease  in  rats  of  both  sexes  following 
:utaneous  (1-3)  or  intraventricular 
n  (2,  3).  The  aim  of  the  present 
as  to  localize  the  regions  involved  in 
:king  action  of  atropine  by  implant- 
mall  amount  of  the  alkaloid  in  dis- 
ain  regions. 

"ial  and  methods.  Adult  male  rats 
20  g  body  wt)  obtained  from  Simon- 
►oratories  (Gilroy,  Calif.)  were  main- 
n  an  air-conditioned  room  with  con- 
lighting  (on  5  AM,  off  7  pm).  Purina 
w  and  water  were  provided  ad  libi- 

I  ether  anesthesia,  stainless  steel 
e  (23-gauge,  20  mm  in  length)  were 
ed  bilaterally  in  various  hypotha- 
ci  or  into  the  anterior  pituitary  using 
ng  Johnson  stereotaxic  instrument, 
ae  had  been  previously  filled  with 
ture  to  be  implanted  by  tamping  the 
)  the  mixture.  This  mixture  consisted 
al  amounts  of  atropine  sulphate 
I  mixed  with  cholesterol  (w:w)  (50% 
s),  1  part  of  atropine  to  19  parts  of 
irol  (5%  atropine)  or  pure  choles- 
a  control.  Cannulae  were  implanted 
e  of  the  following  loci:  suprachias- 
nterior  hypothalamic  region;  the 
hypothalamus,  which  was  in  the  vi- 
f  the  arcuate  median  eminence  re- 
[le  posterior  hypothalamus,  in  the 
imiilary  and  mammillary  regions; 
ital  cortex  at  a  depth  of  2  mm  from 
a;  or  into  each  lobe  of  the  anterior 
y.  Cannulae  were  secured  to  the 
rface  with  dental  cement. 

w  of  the  Population  Council.  Present  address: 
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gentina. 

orted  by  USPHS  grants  (AM  10073  and  HD 

nd  grants  from  the  Ford  Foundation,  and  the 

^ulation  Research  Institute. 


Then,  a  1-ml  blood  sample  was  with- 
drawn from  the  external  jugular  vein  and 
this  was  followed  by  bilateral  orchidectomy 
via  the  scrotal  route  at  4:30-6:30  pm.  Six- 
teen hours  later  (8:30-10:30  am  on  the  fol- 
lowing day)  a  second  blood  sample  was 
withdrawn  as  before  while  the  animals  were 
etherized. 

Verification  of  the  location  of  the  tips  of 
the  cannulae  was  accomplished  readily  by 
examining  the  base  of  the  brain  at  autopsy 
and  in  some  instances  these  localizations 
were  confirmed  after  fixing  the  brain  in 
10%  formalin  and  cutting  serial  frontal  sec- 
tions through  the  hypothalamic  region  at  20 
^tm  which  were  then  stained  with  cresyl  vi- 
olet. To  measure  the  amount  of  drug  deliv- 
ered from  the  cannulae,  they  were  filled  in 
the  routine  manner  and  then  using  a  man- 
dril, the  drugs  were  pushed  out  of  the  can- 
nula and  weighed.  At  sacrifice,  the  amount 
of  drug  remaining  in  the  cannulae  was  simi- 
larly weighed  so  that  the  quantity  delivered 
while  the  cannula  was  implanted  could  be 
estimated. 

LH  in  plasma  was  measured  by  the 
method  of  Niswender  et  al.  (4)  and  FSH 
using  the  kits  provided  by  NIAMDD.^  Re- 
sults were  expressed  in  terms  of  NIH-LH-Sl 
in  the  case  of  LH  and  the  RPl  reference 
preparation  in  the  case  of  FSH.  The  paired 
Student's  t  test  was  used  to  calculate  the 
significance  of  changes  in  hormone  titers 
produced  by  a  treatment.  When  the  means 
of  two  groups  were  compared,  analysis  was 
by  Student's/  test. 

'  Antiovine  LH  serum  was  provided  through  the 
courtesy  of  Dr.  Gordon  Niswender  (Colorado  State 
University).  Dr.  Leo  Reichcrt  (Emory  University)  gen- 
erously provided  the  purified  ovine  LH  for  radioiodina- 
tion.  Kit  for  the  determination  of  prolactin  was  pro- 
vided through  the  NIAMDD  NIH  Pituitary  Hormone 
Program . 
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Results.  Cerebral  cortex.  Implants  con- 
taining 50%  atropine  sulphate  in  the  frontal 
cortex  failed  to  block  the  increase  in  plasma 
LH  and  FSH  titers  which  follows  castration 
in  the  male  rat  (Figs.  1  and  2). 

Anterior  hypothalamic  implants.  Implants 
of  cholesterol  in  the  suprachiasmatic-ante- 
rior  hypothalamic  region  were  associated 
with  elevations  in  both  plasma  LH  and  FSH 
following  castration  which  were  similar  to 
those  observed  in  animals  with  atropine  im- 
plants in  the  cerebral  cortex.  In  contrast, 
implants  of  50%  atropine  sulphate  com- 
pletely abolished  the  postcastration  rise  of 
both  LH  (Fig.  1)  and  FSH  (Fig.  2).  The 
increase  in  both  gonadotropins  in  this  group 
was  significantly  less  than  the  increase  in  the 
animals  bearing  cholesterol  implants  {p  < 
0.05).  The  implants  of  5%  atropine  sul- 
phate had  only  a  slight  and  nonsignificant 
suppressive  effect  on  the  postcastration  rise 
in  both  gonadotropins. 

Mid' Hypothalamic  implants.  Results  in 
this  group  of  animals  were  similar  to  those 
in  animals  bearing  anterior  hypothalamic 
implants  in  that  a  postcastration  rise  in  both 
gonadotropins  occurred  in  cholesterol-im- 
planted controls  and  no  significant  rise  oc- 
curred in  animals  bearing  implants  of  the 
higher  but  not  the  lower  dose  of  atropine 
sulphate. 


Posterior  hypothalamic  implants.  Results 
in  this  group  were  also  similar  to  those  in  the 
other  hypothalamic  groups  except  that  there 
were  no  significant  rises  in  plasma  FSH  in 
any  of  the  implanted  groups  in  this  series.  In 
the  case  of  LH  a  postcastration  rise  occurred 
in  animals  implanted  with  cholesterol  or  the 
lower  dose  of  atropine  but  no  significant 
increase  occurred  in  animals  implanted  with 
50%  atropine  sulphate. 

Intrapituitary  implants.  A  significant  rise 
in  LH  occurred  in  the  castrates  with  im- 
plants of  either  cholesterol  or  the  high  dose 
of  atropine  in  the  anterior  pituitary,  but 
FSH  failed  to  rise  significantly  following  im- 
plantation of  either  cholesterol  or  atropine 
into  the  pituitary. 

Quantity  of  atropine  delivered  by  the  im- 
plants. Weighing  the  material  within  the 
cannula  before  and  after  implantation 
showed  that  approximately  50  fxg  disap- 
peared from  each  cannula  or  a  total  of  100 
fjLg  from  both  cannulae.  In  the  case  of  5% 
atropine  implants  this  would  mean  that  5  /xg 
of  atropine  sulphate  was  delivered  to  the 
brain .  Since  less  than  one-half  of  the  weight 
of  atropine  sulphate  is  atropine,  only  about 
2 .2  fjLg  of  atropine  would  be  released  from 
the  5%  atropine  sulphate  cannulae  during 
the  16-hr  period,  a  dose  of  130  ng/hr.  The 
quantity  of  atropine  released  in  the  case  of 
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Fig.  2.  The  increase  in  FSH  titers  in  plasma  following  castration  in  rats  bearing  various  implants  within  the 
brain  or  pituitary. 


the  50%  atropine  sulphate  implants  would 
be  1.3  /Ltg/hr. 

Discussion,  The  present  results  indicate 
that  a  small  amount  of  atropine  sulphate 
delivered  to  the  basal  hypothalamus  can 
abolish  the  postcastration  rise  in  both  LH 
and  FSH.  On  the  other  hand,  implants 
within  the  cerebral  cortex  or  pituitary  failed 
to  block  the  increase  in  plasma  LH.  It  was 
not  possible  with  this  technique  to  localize 
definitively  the  most  sensitive  area  within 
the  hypothalamus  since  implants  were  effec- 
tive whether  implanted  in  the  anterior,  mid- 
dle, or  posterior  hypothalamus;  however, 
the  most  dramatic  inhibition  was  found  with 
implants  in  the  anterior  and  middle  hypo- 
thalamus which  is  the  region  in  which 
changes  in  acetylcholine  metabolism  can  be 
related  to  altered  gonadotropin  release  (5). 
The  ability  of  implants  in  such  a  wide  area  of 
the  hypothalamus  to  inhibit  the  postcastra- 
tion rise  in  LH  may  be  related  to  diffusion  of 
the  atropine  to  a  considerable  distance  from 
the  cannula  tip.  Our  results  are  in  agree- 
ment with  earlier  work  in  which  atropine 
implants  into  the  anterior  and  middle  hypo- 
thalamus were  found  capable  of  blocking 
ovulation  in  female  rats  (6),  and  it  is  note- 
worthy that  similar  intrahypothalamic  im- 
plants of  atropine  can  also  block  ACTH 
secretion  (7,  8). 

In  the  case  of  FSH,  atropine  implants  in 
the  hypothalamus  but  not  in  the  cerebral 


cortex  also  blocked  the  postcastration  rise. 
Since  implants  into  the  pituitary  of  choles- 
terol alone  as  well  as  atropine  suppressed 
the  postcastration  rise  in  this  gonadotropin, 
we  cannot  be  sure  that  the  action  of  atropine 
to  inhibit  FSH  release  was  not  mediated  on 
the  anterior  pituitary  by  uptake  of  the  alka- 
loid into  portal  vessels  and  subsequent  de- 
livery to  the  gland.  This  is  unlikely  in  view 
of  the  failure  of  pituitary  implants  of  atro- 
pine to  inhibit  the  LH  rise.  Probably  the 
failure  of  FSH  to  rise  following  implantation 
of  cannulae  into  the  pituitary  is  related  to 
mechanical  disruption  of  anterior  pituitary 
FSH  release  by  the  implantation  procedure 
since  it  was  equally  pronounced  with  choles- 
terol implants. 

In  conclusion,  the  present  results  support 
earlier  studies  which  suggest  that  acetylcho- 
line may  play  a  role  as  a  synaptic  transmitter 
to  stimulate  release  of  LH-releasing  hor- 
mone (LHRH)  which  would  in  turn  increase 
gonadotropin  release.  The  postulated  cho- 
linergic synapses  would  be  located  in  the 
anterior  and  middle  hypothalamus. 

Summary.  Bilateral  implants  of  atropine 
sulphate  were  placed  in  various  loci  in  the 
brain  or  into  the  anterior  pituitary  in  male 
rats  and  the  effects  of  the  implants  on  the 
postcastration  rise  in  plasma  FSH  and  LH 
was  determined.  The  increase  in  both  go- 
nadotropins at  16  hr  after  castration  still 
occurred  in  animals  with  implants  in  the 
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cerebral  cortex.  The  postcastration  rise  of 
both  FSH  and  LH  was  blocked  by  atropine 
implants  in  the  anterior,  middle,  or  poste- 
rior hypothalamus  but  was  not  interfered 
with  by  control  implants  of  cholesterol.  Bi- 
lateral implants  of  either  cholesterol  or  atro- 
pine into  the  anterior  pituitary  failed  to  alter 
the  increase  in  plasma  LH  following  castra- 
tion but  both  types  of  implants  interfered 
with  the  postcastration  rise  in  FSH,  possibly 
because  of  trauma  to  the  pituitary  from  the 
cannulae.  It  is  suggested  that  hypothalamic 
cholinergic  synapses  may  play  a  role  in  stim- 
ulating the  increased  LHRH  release  which 
induces  the  postcastration  rise  in  gonadotro- 
pins. 
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objective  of  this  investigation  was  to 
the  component  of  crude  phospho- 
esponsible  for  Bacterionema  matru- 
calcification.  The  microorganism,  an 
tnycete  of  the  human  oral  biota,  forms 
jllular  calcium  phosphate  deposits 
give  diffraction  maxima  characteristic 
tite  (1).  B.  matruchotii  calcification  is 
lependent  (2)  with  activity  restricted 
crude  phospholipid  (3).  A  complex 
ed  to  be  a  lipoprotein  (4)  is  present  in 
truchotii  crude  phospholipid.  Calcium 
g  by  phospholipid-protein  complexes 
en  reported  (5).  The  possibility  that 
omplexes  participate  in  vertebrate  cal- 
ion  has  been  considered  (6).  These 
in  addition  to  calcification  of  a  syn- 
illy  prepared  lipoprotein  (7),  empha- 
:he  probable  importance  of  the  pro- 
>ntaining  portion  of  B.  matruchotii 
phospholipid. 

erials  and  methods.  Crude  phospho- 
was  obtained  from  B.  matruchotii, 
14266.  The  organism  was  grown  7 
it  37°  in  250-ml  vol  of  a  chemically 
d  medium  (Table  1).  Twenty-liter 
s  were  harvested  by  centrifugation 
>0  g,  5  min,  5°).  Cells  were  water 
d  and  freeze-dried  without  protective 
1.  Total  lipid  was  extracted  by  sus- 
ig  the  full  yield  of  dried  cells,  usually 
5  g,  in  300  ml  of  chloroform-metha- 
1,  v/v  (CM)  for  18-20  hr  at  room 
rature.  The  extract  was  filtered  (Milli- 
JH)  and  nonlipids  were  removed  by  a 
I,  0.12  M  sodium  chloride  wash  (8). 
hloroform  phase  was  drawn  off  and 
itrated  to  Vs  vol  under  vacuum  at  45°. 
le  was  restored  with  acetone  and  the 
t  held  at  5°  for  24-36  hr.  The  crude 
lolipid  precipitate  was  recovered  by 
ugation,  acetone-washed,  and  imme- 
'  dissolved  in  10  ml  of  CM. 
ie  phospholipid  was  fractionated  by 
1  chromatography  with  hydroxypro- 


pylated  dextran  gel  (Sephadex  LH-20).  The 
CM  solution  was  applied  in  two  5-ml  vol  to  a 
2.5  X  51.0-cm  column  equilibrated  with 
CM.  To  detect  protein,  each  320-ml  elution 
was  monitored  with  280  nm  ultraviolet.  In- 
dividual fractions  and  various  recombina- 
tions were  stored  at  -15°  until  dried  at  45° 
under  nitrogen  flow. 

Samples  selected  for  calcifiability  tests 
were:  (a)  all  fractions  recombined,  (b)  the 
single,  protein-containing  fraction,  and  (c) 
all  fractions  recombined  except  the  protein- 
containing  fraction.  Fifteen-milligram  quan- 
tities of  each  were  incubated  at  37°  in  air- 
tight 50-ml  centrifuge  tubes  filled  with  car- 
bonate-buffered pH  7.20  metastable  cal- 
cium phosphate  solution  (9)  containing 
0.02%  thymol.  At  24-hr  intervals  pH  deter- 
minations were  made,  the  tubes  were  centri- 
fuged,  and  the  solutions  changed.  Incuba- 
tion periods  ranged  from  96  to  192  hr.  At 
termination  the  samples  were  examined  for 
microbial  contamination ,  water- washed , 
air-dried,  and  heated  to  700°.  Residues 
were  examined  by  X-ray  diffraction  using  a 
powder-camera  film  technique  with  nickel- 
filtered  copper  radiation  generated  at  30 
kV,  20  mA  anode  current  for  5  hr. 

The  protein-containing  fraction  was  par- 
tially characterized.  Amino  acid  composi- 
tion was  determined  (Phoenix  K-800  Au- 
toanalyzer)  from  an  acid  hydrolysate.  Gen- 
eral phospholipid  identification  was  done 
with  thin-layer  chromatography  (10). 

Results.  The  fortuitous  occurrence  of  two 
separated  ultraviolet  absorbances  (Fig.  1) 
during  elution  permitted  division  of  the 
crude  phospholipid  into  five  fractions.  The 
solid  phase  obtained  after  incubation  of 
either  fraction  2  or  the  recombined  five  frac- 
tions in  the  metastable  calcium  phosphate 
solution,  when  ashed,  gave  X-ray  diffraction 
patterns  for  apatite  (Fig.  2).  Fraction  2  cal- 
cified within  96  hr.  The  recombined  frac- 
tions required  168  hr.  No  evidence  for  apa- 
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TABLE  I.  Medium  for  Bacterionema  matruchotii. 


Per  Liter 

Glucose 

2.00  g 

Casein  hydrolysate, 

vitamin-free 

4.00  g 

Salts 

NaHCOa 

1.85  g 

Na,HP04 

550  mg 

CHjCOONa 

147  mg 

CaCl,-2H,0 

14.5  mg 

MgS0,-7H,0 

35  mg 

FeS04-7H,0 

4  mg 

MnSO,  H,0 

0.15  mg 

NaMoO^  2H,0 

0.15  mg 

Vitamins 

fara-aminobenzoic  acid 

2.0  mg 

Riboflavin 

2.0  mg 

Calcium  pantothenate 

2.0  mg 

Inositol 

2.0  mg 

Thiamine 

2.0  mg 

Nicotinic  acid 

1.0  mg 

Pyridoxine  HCl 

1.0  mg 

Biotin 

0.1  mg 

Folic  acid 

0.1  mg 

Growth  Factors 

Pimelic  acid 

0.1  mg 

Thioctic  acid 

0.1  mg 

Nitrogen  bases:  20  mg  of  each  of  adenine,  guanine, 
thymine,  uracil,  xanthine  dissolved  in  100  ml  of  0.1 
MKOH. 

Medium  is  made  up  in  0.15  M  N-Tris  (hydroxy- 
methyl)  methyl- 2-aminoethanesulfonic  acid  adjusted  to 
pH  7.4  with  NaOH.  Filter-sterilization  is  required. 

tite  formation  was  obtained  with  the  recom- 
bined  fractions  minus  fraction  2  exposed  to 
the  calcium  phosphate  solution  for  192  hr. 

The  solutions  containing  either  fraction  2 
or  recombined  fractions  gave  daily  postincu- 
bation  pH  readings  between  6.90  and  6.98. 
With  recombined  fractions  minus  fraction  2 
the  readings  were  consistently  7.20.  At  ter- 
mination none  of  the  samples  was  contami- 
nated. 

Preliminary  analyses  indicated  approxi- 
mately 38%  of  fraction  2  was  protein.  The 
amino  acid  data  obtained  are  given  in  Table 
2.  The  remainder  of  the  fraction  consisted 
of  cardiolipin,  inositides,  and  possibly  other 
acidic  phospholipids.  Dried  fraction  2  was  a 
light  brown,  granular  powder.  It  was  insolu- 
ble in  water  and  salt  solutions  and  soluble  in 
chloroform-methanol  mixtures.  Each  of  the 
other  dried  fractions  was  a  lipidlike  semi- 
solid with  no  protein  detectable  by  biuret  or 
nmhydrin. 


Discussion.  The  component  of  B.  ma- 
truchotii crude  phospholipid  responsible  for 
calcification  is  a  protein-lipid  complex  with 
lipidlike  solubilities,  a  proteolipid.  Pioteo- 
lipids,  first  noted  in  brain  tissue,  are  found 
in  a  variety  of  biologic  membranes  (11). 
Proteolipid  involvement  in  microbial  calcifi- 
cation is  additional  evidence  that  initiation 
of  B.  matruchotii  calcification  is  membrane- 
associated  (12).  More  important  than  spa- 
tial considerations,  the  finding  is  the  first 
instance  in  which  a  specific  chemical  entity 
has  been  shown  experimentally  to  be  essen- 
tial for  a  form  of  biologic  calcification.  Fur- 
ther, the  proteolipid  was  isolated  from  a 
fastidious  organism  cultivated  in  a  chemi- 
cally defined  medium.  This  provides  for 
readily  controllable  investigation  of  biosyn- 
thesis related  to  biologic  calcification. 

The  incubation  time  for  fraction  2  calcifi- 
cation is  relatively  unimportant  at  this  stage 
of  investigation.  The  calcification  procedure 
used  was  a  closed  system  which,  while  pre- 
venting contamination  and  pH  elevation, 
underwent  progressive  ion  depletion  be- 
tween solution  changes.  Greater  calcifica- 
tion efficiency  would  be  shown  with  a  con- 
tinuous-flow procedure.  A  more  meaningful 
measure  of  efficiency,  however,  would  be  to 
determine  the  minimum  calcium  x  phos- 
phate product  required  for  nucleation. 
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Fig.  1 .  Hydroxypropylated  dextran  gel  (Sephadex 
LH-20)  column  chromatography  of  B.  matruchotii 
crude  phospholipid.  Five-milliliter  aliquots  of  sample  in 
chloroform  methanol  2:1,  v/v  (CM),  were  applied  to 
2.5  X  51-cm  column  equilibrated  with  CM.  Elution 
volumes  of  4  ml  were  pooled  to  yield  five  fractions. 
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Fig.  2.  X-ray  diffraction  patterns  of  ashed  residues  from  fraction  2  (A)  and  recombined  five  fractions  (B)  of  B. 
matruchotii  crude  phospholipid  after  incubation  in  metastable  calcium  phosphate  solution.  A  pattern  from  human 
dentin  (C)  is  a  biologic  apatite  reference. 


TABLE  II.  Amino  Acid  Composition  of 

Bacterionema  matruchotii  Crude  Phospholipid 

Fraction  2. 


Amino  acid 

Protein  (mAf/mg) 

Aspartic  acid 

0.75 

Glutamic  acid  + 

proline 

0.89 

Serine 

0.80 

Threonine 

0.40 

Valine 

0.14 

Methionine 

0.19 

Tyrosine 

0.05 

Phenylalanine 

0.25 

Glycine 

1.29 

Alanine  +  cysteine 

1.16 

Leucine 

1.27 

Isoleucine 

0.43 

Lysine 

0.55 

Histidine 

0.11 

Arginine 

0.68 

NH, 

0.80 

The  preliminary  amino  acid  data  do  not 
permit  an  accurate  determination  of 
whether  the  protein  is  acidic  or  basic. 
Therefore  the  type  of  protein-acidic  phos- 
pholipid interaction  cannot  be  clarified. 
However,  the  presence  of  both  hydrophobic 
and  basic  amino  acids  would  provide  bind- 
ing sites  for  acidic  phospholipids.  Irrespec- 
tive of  the  nature  of  the  relationship,  the 


acidic  phospholipids,  except  for  cardiolipin, 
are  difficult  to  dissociate  from  the  protein. 

Crude  phospholipid  is  necessary  for  calci- 
fication, in  vitro  y  of  matrices  prepared  from 
bone  (13)  and  elephant  tusk  (14).  The  criti- 
cal issue  is  whether  proteolipid  is  the  active 
fraction  in  bone  and  tusk  calcification.  If  so, 
B.  matruchotii  can  be  considered  a  micro- 
biologic analogue  for  nucleation  of  these 
forms  of  vertebrate  calcification. 

Summary.  The  component  of  crude  phos- 
pholipid responsible  for  B.  matruchotii  cal- 
cification was  isolated.  Crude  phospholipid, 
extracted  from  the  microorganism,  was  sej)- 
arated  into  five  fractions  by  column  chroma- 
tography. A  single,  protein-containing  frac- 
tion catalyzed  apatite  formation  in  a  meta- 
stable calcium  phosphate  solution.  The  nu- 
cleating fraction  was  identified  as  a  proteo- 
lipid. 

This  work  was  supported  by  a  grant  from  The  Proc- 
ter &  Gamble  Company.  Amino  acid  analysis  was  done 
by  Dr.  E.  P.  Lazzari.  Able  technical  assistance  was 
provided  by  Mary  Anita  Stull. 
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ocytes  collected  from  x-irradiated 
s  generally  indicate  depression  in 
ytosis-associated  activities  (1-3).  In 
brts  to  investigate  the  effect  of  x- 
ion  on  host-defense,  the  principal 
idied  have  been  the  guinea  pig  peri- 
exudate  PMN  (1-3)  and  human  pe- 
I  leukocytes  (4,5).  For  comparative 
*s,  and  in  order  to  broaden  our  un- 
ding  of  various  aspects  of  host-de- 
ve  have  extended  our  investigation  to 
the  bactericidal  and  metabolic  activ- 
spleen  cells  (predominantly  lympho- 
:ollected  from  nonirradiated  and  to- 
y  x-irradiated  mice  (6). 
ealized  that  spleen  cells,  mainly  lym- 
5S,  as  judged  by  light  microscopy,  are 
nerally  considered  as  conventional 
ytic  cells.  However,  in  previous  stud- 
lave  noted  that  these  cells  are  able  to 
teria  and,  when  challenged  with  par- 
hey  respond  metabolically  similar  to 
tional  phagocytic  cells  (6,  7).  Elec- 
croscope  studies  have  indicated  (un- 
ed  results)  that  actual  particle  entry 
3t  occur.  It  would  appear  that  the 
lie  and  bactericidal  changes  noted 
t  due  to  conventional  phagocytosis 
t  to  cell  surface-particle  interaction, 
basis  of  histochemical  data,  our  pre- 
y  results  indicate  that  peroxidase  is 
in  these  cells.  Generally  others  have 
d  little  or  no  peroxidase  activity  in 
jlls.  However,  by  the  guaiacol  perox- 
;say  (7),  we  have  observed  here  that 
ouse  spleen  lymphocytes  have  signif- 
Toxidase  activity.  Many  peroxidases 
yelo,  lacto,  horseradish,  and  macro- 
jeroxidase)  and  H2O2,  in  the  pres- 

nvestigation  was  supported  by  Grant  No.  CA- 
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ence  of  a  halide  ion,  kill  a  variety  of  micro- 
organisms (8-11).  Some  of  the  biochemical 
and  bactericidal  activities  of  CDl  mouse 
spleen  lymphocyte  peroxidase  (SLPO)  and 
H2O2  and  the  effect  of  whole  body  x-irradia- 
tion  and  particle  addition  on  these  functions 
are  reported  here. 

Methods  and  materials,  CDl  mice  ob- 
tained from  the  Charles  River  Laboratory, 
Boston,  Massachusetts,  and  subsequently 
bred  in  St.  Margaret's  Hospital  animal  quar- 
ters were  used.  Animals  of  either  sex, 
weighing  approximately  20-30  g  (8-12 
weeks)  were  x-irradiated  in  a  Portable  An- 
drex  X-Ray  unit,  as  previously  reported  (1- 
3). 

Total  and  differential  white  blood  cell 
counts  were  determined  on  blood  collected 
from  the  tail  vein  immediately  before  and 
also  generally  at  24  hr  after  x-irradiation. 
The  animals  were  sacrificed  at  1,3,  5,  10, 
and  15  days  after  x-irradiation  by  cervical 
dislocation.  Spleen  cells  from  nonirradiated 
mice  (8-12  weeks  old)  served  as  controls. 
The  spleens  were  freed  from  fatty  tissues, 
washed  with  Krebs-Ringer  phosphate  me- 
dium (KRPM,  pH  7.4),  and  placed  on  filter 
paper.  The  wet  weight  of  each  spleen  was 
recorded.  Spleen  cells  were  then  prepared 
and  counted,  as  previously  reported  (12, 
13).  Total  leukocyte  and  differential  counts 
were  noted.  The  cells  were  suspended  in 
KRPM  for  use  in  metabolic  and  bactericidal 
studies. 

The  oxidation  of  [l-'^C]glucose  and  [6- 
^'^Clglucose  was  studied  in  single-arm  War- 
burg flasks.  The  reaction  mixture  in  the 
main  compartment  contained  30  /xmol  of 
glucose  (sp  act  0.01  /xCi//xmol  of  glucose) 
and  20-25  x  10^  spleen  cells  in  a  total 
volume  of  3  ml  of  KRPM,  pH  7.4.  To  study 
the  effect  of  particle  addition  on  glucose 
oxidation,   polysyrene    latex   spherules   of 
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0.81-/Ltm  diameter  were  added  at  a  cell  to 
particle  ratio  of  1:100.  The  '^COg  resulting 
from  the  oxidation  G-1-*''C  or  G-6-*'*C  was 
counted  in  a  Packard  liquid  scintillation 
spectrometer  equipped  with  an  external 
standard.  The  details  on  the  procedure  have 
been  reported  earlier  (10,  12,  13). 

Preparation  of  peroxidase-containing 
20,000  g  granules  and  estimation  of  peroxi- 
dase activity:  Spleen  cells  collected  from  x- 
irradiated  and  nonirradiated  mice  were 
freed  of  red  blood  cells  by  cold  water  lysis 
(7,  12,  13).  The  cells  were  then  suspended 
in  a  desired  volume  of  0.25  M  sucrose  and 
homogenized  for  5  min  in  a  motor-driven 
Teflon-tipped  Potter-Elvejhem  glass  ho- 
mogenizer.  The  homogenate  was  centri- 
fuged  at  20,000  g  for  30  min  at  4**  in  a 
refrigerated  Sorvall  RC  2  centrifuge.  The 
20,000 g  pellet  was  resuspended  in  a  0.25  M 
sucrose.  The  peroxidase  activity  of  the 
20,000  g  granules  was  estimated  by  both 
guaiacol  oxidation  (at  pH  7.0  in  the  pres- 
ence of  0.25  M  sucrose)  and  decarboxyla- 
tion activity  (KRPM,  pH  5.5).  Both  meth- 
ods have  been  previously  described  (7,  10, 
12,  13). 

Bactericidal  Activity.  Both  intact  cells 
and  20,000 g  granules  were  assayed  for  bac- 
tericidal activity.  The  test  organism,  Esche- 
richia coli,  was  grown  overnight,  harvested 
in  the  logarithmic  growth  phase,  washed, 
and  resuspended  in  KRPM  of  pH  5.5.  The 
Reaction  mixture  contained  2  x  lO'*  to  2  x 
10^  E.  coli  and  the  following  supplements: 
Granules  equivalent  to  0.003-0.03  guaiacol 
unit,  H2O2,  0.1  /xmol,  and  KRPM,  pH  5.5, 
to  a  final  volume  of  2.0  ml.  (For  assaying 
intact  spleen  cells,  5x10^  spleen  cells  and  5 
X  10*^  E.  coli  were  incubated  for  60  min  at 
37°  in  KRPM  of  pH  7.4.)  After  a  30-min 
incubation  period  at  37°,  aliquots  of  the 
reaction  mixture  were  plated  in  trypticase 
soy  agar  and  colonies  counted  at  24  hr  (10, 
12,  13). 

All  chemicals  were  of  reagent  grade.  [1- 
»^C]Glucose,  [6-'^C]glucose,  and  l-[1- 
^^CJalanine  were  obtained  from  the  New 
England  Nuclear  Corporation,  Boston, 
Massachusetts.  Polystyrene  latex  particles 
of  0.81-/xm  diameter  were  obtained  from 
the  Difco  Laboratories,  Detroit,  Michigan. 

Results.   The  peroxidase  activity  of  the 


20,000  g  granules  isolated  from  mouse 
spleen  cells  collected  24  hr  after  whole  body 
x-irradiation  is  presented  in  Table  I.  It  can 
be  seen  that  on  a  per  cell  basis,  the  guaiacol 
oxidation  by  granules  from  400  R  x-irradi- 
ated  mice  spleen  is  approximately  fivefold 
more  than  that  of  control.  This  guaiacol 
oxidation  activity,  assayed  in  the  presence 
of  0.25  M  sucrose  is  approximately  40%  of 
that  in  the  absence  of  sucrose.  However, 
sucrose  has  been  used  in  order  to  protect  the 
peroxidase-containing  granules  from  lysis. 
The  decarboxylation  of  L-[l-*^C]alanine  by 
this  fraction  is  also  presented  in  Table  I. 
This  reaction  also  measures  peroxidative  ac- 
tivity. A  dramatic  increase  in  *^C02  forma- 
tion by  granules  collected  from  x- irradiated 
mice  is  noted  when  compared  to  the  decar- 
boxylation activities  of  the  corresponding 
nonirradiated  controls. 

The  20,000  g  granules  isolated  from 
spleen  cells  of  x-irradiated  and  non-irradi- 
ated mice  were  tested  for  their  bactericidal 
activity  (Table  I).  The  granules  collected 
from  mouse  spleens  1  day  after  400  R  x- 
irradiation  had  significantly  higher  bacteri- 
cidal activity  when  compared  to  spleen  cell 
granules  collected  from  nonirradiated  con- 
trols. 

Intact  spleen  cells  collected  1  day  after 
400  R  whole  body  x-irradiation  (at  a  cell  to 
bacterium  ratio  of  1:1)  killed  approximately 
2  logarithms  of  E.  coli  as  compared  to  ap- 
proximately 1  log  by  spleen  cells  from  nonir- 
radiated controls. 


TABLE  I.  Peroxidase  and  Bactericidal 
Activities  of  the  20,000  g  Pellet  Isolated  from 
Spleen  Cells  of  Non  and  X-irradiated  Mice. 


Control 


X-irradiated" 


Guaiacol  oxidation^                0.15  0.69 

Decarboxylation'^                  78.3                 2193 
Bactericidal  activity^ 2-5 4-7 

°  Results  (three  or  more  experiments)  of  cells  col- 
lected 1-day  post  400  R  x-irradiation  are  presented. 
The  activities  of  preparations  from  x-irradiated  mice 
are  significantly  higher  than  those  from  control  mice. 

*  Guaiacol  unit  per  10*  cells.  The  assay  procedure 
has  been  published  (7,  10,  12.  13). 

'  Nanomoles  of  L-[l-'*CJalanine  decarboxylated  to 
'*COz  in  30  min  at  37*'  by  20,000 g  granules  containing 
0.03  guaiacol  unit  of  peroxidase. 

"  Logarithms  of  E.  coli  killed  by  freshly  prepared 
20,000  g  granules  containing  0.003-0.03  guaiacol  unit 
of  peroxidase  in  30  min  at  37**. 
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The  amount  of  '^C02  formation  from  the 
oxidation  of  [l-*''C]glucose  is  an  approxi- 
mate measure  of  the  amount  of  glucose  me- 
tabolized by  the  hexose  monophosphate 
shunt  (HMS)  pathway.  One  hundred  mil- 
lion spleen  cells  collected  from  nonirra- 
diated  mice  oxidized  27  nmol  of  glucose 
through  the  HMS  in  30  min  at  37°.  The 
addition  of  polystyrene  latex  particles  re- 
sulted in  a  fourfold  increase  in  HMS  activ- 
ity. Spleen  cells,  in  the  absence  of  added 
particles,  collected  1  day  after  400  R  x- 
irradiation  oxidized  69  nmol  of  [1- 
**C]glucose  and  this  result  is  significantly 
higher  than  that  of  nonirradiated  controls.  If 
polystyrene  latex  particles  are  added  to  cells 
collected  from  x-irradiated  mice,  240  nmol 
of  [l-'^^Clglucose  are  oxidized.  These  results 
can  be  seen  in  Table  II.  The  amount  of 
*^C02  oxidized  from  [l-'^C]glucose  due  to 
particle  addition  to  spleen  cells  from  nonir- 
radiated as  well  as  100  to  800  R  x-irradiated 
mice  are  always  significantly  higher  than  the 
corresponding  '^COg  formed  in  the  absence 
of  particles.  The  extent  of  oxidation  of  [6- 
*^C]glucose  is  less  than  that  of  [1- 
^^CJglucose.  X-irradiation  and  particle  addi- 
tion have  a  stimulatory  effect  though  the 
overall  oxidation  is  less  than  that  of  [1- 
*^C]glucose.  These  results  also  can  be  seen 
in  Table  II. 

The  effects  of  various  doses  of  whole 
body  x-irradiation  on  peripheral  white 
blood  and  spleen  cells  are  presented  in  Ta- 
ble III.  It  can  be  seen  that  with  increasing 
doses  of  x-irradiation,  the  weight  of  the 


spleen,  the  total  number  of  spleen  cells  and 
the  total  white  blood  cells  of  the  peripheral 
circulation  are  decreased  significantly  in  24 
hr.  A  correlation  appears  to  exist  between 
the  doses  and  the  changes  in  these  parame- 
ters within  1  day  after  x-irradiation.  In  gen- 
eral, in  the  peripheral  blood  and  spleen,  the 
percentage  of  lymphocytes  decreases  while 
the  percentage  of  segmented  cells  increases 
with  increasing  x-irradiation  doses. 

The  results  presented  in  Tables  I  and  II 
are  from  1  day  post  400  R  x-irradiation. 
Effects  of  100,  200,  or  800  R  have  also 
been  investigated  and  are,  in  general,  pro- 
portional to  the  increasing  doses  of  x-irra- 
diation. The  extent  of  stimulation  of  these 
activities  (glucose,  alanine  and  guaiacol  oxi- 
dations, antimicrobial  and  cell  differentials) 
generally  increases  with  increasing  days  post 
x-irradiation  up  to  5  days.  Ten  to  fifteen 
days  post  100  or  200  R  x-irradiation  all  of 

TABLE  H.  Effect  of  Whole  Body  X-1rradiation 

(400  R)  AND  Particle  Addition  on  the  Oxidation 

OF  Glucose  by  Mouse  Spleen  Cells. 


Control 


X-irradiatcd 


Particles 


Particles 


G-1-'*C 
G-6-'*C 


IT 
6' 


103 
15 


69 
16 


240 
76 


"  The  ratio  of  spleen  cell:  Polystyrene  latex  particles 
(0.81  /Ltm  diameter)  was  1:100. 

Please  see  text  and  Table  1  for  additional  details. 

*  Nanomoles  of  '^COz  oxidized  from  [l-'*C]glucose 
by  10'*  cells  in  30  min  at  37°. 

'  Nanomoles  of  '^C02  oxidized  from  [6-'^C]glucose 
by  10**  cells  in  30  min  at  37°. 


TABLE  III.  Effect  of  Whole  Body  X-1rradiation  on  Mouse  Spleen  and  Peripheral  Blood 

Leukocytes." 


Cell  differentials  (7cf 

spleen 
wet 

Total 

Total 

spleen 

WBC  pe- 

Peripheral 

Spleen  Cells 

weight 

cells  X 

ripheral  X 

(mg) 

10« 

10« 

L 

s 

27 

L                  S 

Nonirradiated 

134 

62 

16 

66 

95                   4 

1-day   post   x-irradia- 

tion and  dose  (R) 

100 

101 

43 

12 

60 

35 

84                 15 

200 

75 

28 

5 

42 

54 

73                 21 

400 

58 

14 

6 

28 

66 

65                 34 

800 

54 

7 

4 

17 

78 

66                 34 

"  Average  from  10  or  more  mice  is  presented. 

*  L,  lymphocytes;  S.  segmented  cells.  Young  immature  myelocytic  cells,  monocytes,  and  eosinophils  are  not 
tabulated  but  never  amount  to  greater  than  \%  in  spleen  except  in  200  R. 
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these  activities  generally  returned  to  normal 
levels. 

Discussion.  It  is  apparent  from  the  results 
of  this  study  that  whole  body  x-irradiation 
stimulates  the  in  vitro  HMS,  peroxidative 
and  bactericidal  activities  of  mouse  spleen 
cells.  Increased  HMS  could  supply  some  of 
the  H2O2  required  for  the  stimulated  decar- 
boxylation and  bactericidal  activities. 

Recently  it  has  been  reported  that  the  in 
vivo  survival  of  Brucella  abortus  in  the 
spleens  of  previously  irradiated  (700  R) 
CBA  mice  is  significantly  decreased  as  com- 
pared to  normal  (14).  A  possible  explana- 
tion for  this  observation  is  our  present  find- 
ing of  increased  peroxidase  activity  in  spleen 
lymphocytes  from  x-irradiated  animals. 

In  attempting  to  explain  the  stimulated 
activities  following//?  vivo  x-irradiation,  one 
must  consider  the  significant  change  in  lym- 
phocyte/phagocyte ratio  in  the  spleen.  The 
percentage  of  lymphocytes  has  decreased 
while  the  percentage  of  polymorphonu- 
clears has  increased  in  both  the  spleen  and 
the  peripheral  blood  (Table  III).  Although 
myeloperoxidase  of  PMN  has  been  reported 
to  be  approximately  three  times  more  po- 
tent on  equal  guaiacol  unit  bases  than  spleen 
cell  peroxidase  (SPO)  from  AKR  mice  (12, 
13),  the  dramatic  stimulations  and  increased 
bactericidal  activities  noted  could  not  be 
fully  accounted  for  by  the  percentage  de- 
crease in  lymphocytes  and  a  simultaneous 
percentage  increase  of  PMN.  For  example, 
an  MPO  preparation  from  guinea  pig  perito- 
neal cells  (over  90%  PMN)  at  concentra- 
tions (i.e.,  0.003-0.03  guaiacol  unit  in  2-ml 
reaction  medium)  identical  to  that  used  in 
this  study  killed  approximately  1  x  10^-1  x 
10^  bacteria.  In  this  present  study  the  granu- 
lar (SLPO)  preparation  from  the  spleen 
cells  of  x-irradiated  mice  killed  approxi- 
mately 1  X  10^-1  X  10^  bacteria  (Table  I). 
The  increased  percentage  of  phagocytes  in 
x-irradiated  spleens  may  account  for  some 
of  the  increase  in  activities.  However,  lym- 
phocytes are  in  the  majority,  and  it  seems 
reasonable  to  assume  that  lymphocyte  per- 
oxidase plays  a  major  role  in  this  increased 
bactericidal  activity. 

To  examine  further  whether  the  increased 
percentage  of  granulocytes  from  x-irradi- 
ated mice  spleen  could  contribute  to  the 


stimulated  activity,  we  have  attempted  to 
remove  the  granulocytes  from  spleen  cell 
preparations  by  allowing  them  to  adhere  to 
Falcon  plastic  tissue  culture  flasks.  Com- 
plete removal  of  granulocytes,  especially 
from  x-irradiated  mice  spleen,  has  not  yet 
been  achieved.  However,  removal  of  50% 
of  the  granulocytes  from  an  irradiated 
spleen  cell  population  had  no  effect  on  the 
bactericidal  activity  of  the  20 ,000  g  fraction. 
This  occurred  with  different  concentrations 
of  peroxidase.  For  example,  with  0.003 
guaiacol  units  approximately  10*  bacteria 
out  of  a  total  of  10**  bacteria  are  killed. 
Removal  of  50%  PMN  from  this  prepara- 
tion and  then  testing  0.003  units,  as  previ- 
ously reported,  resulted  in  identical  killing. 
Therefore,  the  major  factor  in  the  dramatic 
increase  in  decarboxylation  and  bactericidal 
functions  by  peroxidase  from  x-irradiated 
spleen  cells  must  be  attributed  to  enhanced 
activity  of  the  lymphocytic  peroxidase. 

The  decarboxylation  and  bactericidal  ac- 
tivities of  the  20,000  g  granules  collected 
fron  non-  and  x-irradiated  mouse  spleen 
may  be  dependent  on  the  rate  of  peroxi- 
dase-substrate  interaction.  For  example,  we 
have  observed  that  freshly  prepared  gran- 
ules from  x-irradiated  mice  have  signifi- 
cantly higher  bactericidal  activity  than  that 
of  nonirradiated  controls.  If  the  preparation 
from  nonirradiated  control  is  frozen  and 
thawed,  the  bactericidal  potency  of  this 
preparation  is  increased.  It  appears  that 
release  of  peroxidase  from  the  granules  is 
necessary  for  optimal  utilization  of  the  en- 
zyme. The  stress  of  m  vivo  x-irradiation  may 
in  general  be  compared  to  the  stress  of  addi- 
tion of  phagocytizable  particles.  In  the  latter 
event,  lysosomal  enzymes  are  released  from 
the  granules  to  the  phagocytic  vacuoles 
(15).  This  stress  could  favor  the  utilization 
of  the  substrates  by  the  released  enzymes.  It 
may  be  mentioned  here  that  the  viability  (as 
judged  by  eosin  dye  exclusion)  of  spleen 
cells  1  day  after  400  R  x-irradiation  is  ap- 
proximately 50%  as  compared  to  that  of 
85-90%  for  spleen  cells  from  nonirradiated 
controls.  X-irradiation  perhaps  alters  cellu- 
lar permeability  and,  therefore,  favors  the 
interaction  of  the  peroxidase  and  its  sub- 
strates (H2O2,  guaiacol,  bacteria,  etc.)  and 
this  may  account  for  the  enhanced  activities 
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observed.  It  appears  that  the  spleen  cell 
enzyme  is  made  easily  available  to  the  sub- 
strates (H2O2,  amino  acids,  chloride,  bacte- 
ria, etc.)  by  x-irradiation,  by  lysis  (freezing 
and  thawing),  or  by  isolation  and  purifica- 
tion. It  is  pertinent  to  mention  here  our 
observation  that  the  bactericidal  activity  of  a 
peroxidase  isolated  and  partially  purified 
from  normal  mouse  spleen  cell  is  equivalent 
to  that  of  20,000  g  granules  from  x-irradi- 
ated  mouse  spleen  (0.03  guaiacol  unit  of  the 
partially  purified  peroxidase  kills  10^  E.  coli 
in  30  min  at  37**)  (16). 

Optimal  activity  of  SLPO,  as  determined 
by  guaiacol  oxidation,  occurs  at  a  pH  differ- 
ent than  that  routinely  used  for  MPO.  Con- 
centration of  substrates  (H2O2  and  guaia- 
col) required  for  SLPO  is  also  different  than 
those  used  for  MPO.  However,  both  SLPO 
and  MPO  have  strong  affinities  for  H2O2 
and  chloride.  Both  chlorinate  and  decarbox- 
ylate  amino  acid  and  both  enzymes  can  par- 
ticipate in  peroxidase-mediated  bactericidal 
activities  (6,  8,  10).  Recently,  we  have  iso- 
lated a  peroxidase  from  a  preparation  of 
human  peripheral  blood  containing  100% 
lymphocytes.  These  results  will  be  reported 
in  a  later  publication. 

Our  results  indicate  that  a  lymphocyte 
peroxidase,  not  MPO,  is  responsible  for  the 
antimicrobial  and  biochemical  activities  of 
spleen  cell  preparations.  It  would  be  of  in- 
terest to  investigate  whether  the  lymphocyte 
enzyme  is  organ-specific  or  species-specific 
or  universally  present  in  all  lymphocytic 
cells  and  to  determine  its  role  in  lymphocyte 
function. 

Summary,  A  20,000  g  pellet  obtained 
from  the  homogenate  of  CDl  mouse  spleen 
cells  has  measurable  peroxidase  and  bacteri- 
cidal activities.  Whole  body  x-irradiation 
stimulates  the  in  vitro  peroxidative  and  bac- 
tericidal activities  of  the  spleen  cells.  These 
cells  do  not  phagocytize.  However,  addition 
of  polystyrene  latex  particles  to  spleen  cells 
from  non-  or  x-irradiated  mice,  increases 
glucose  oxidation.  The  extent  of  this  stimu- 
lation (three-  to  fourfold)  is  less  than  that  of 
PMN  (six-  to  tenfold).  Interaction  between 


particles  and  lymphocyte  surface  may  be  the 
cause  of  this  stimulation.  The  increased  bac- 
tericidal activity  due  to  x-ray  is  attributed 
mainly  to  an  increase  in  the  peroxidase  ac- 
tivity of  the  lymphocytes.  Surface  (mem- 
brane) action  rather  than  phagocytosis  may 
be  involved  in  the  bactericidal  process.  The 
spleen  lymphocyte  peroxidase  is  distinct 
from  myeloperoxidase  in  several  respects. 

We  thank  Alicia  Cruz  and  John  Dirgo  for  excellent 
technical  assistance,  and  Gerri  Groppi  for  preparing 
this  manuscript. 
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A  dose-response-related  urinary  bladder 
hyperplasia  in  both  sexes  of  BALB/c  strain 
mice  fed  /V-2-fluorenylacetamide  at  dietary 
concentrations  ranging  from  10  to  500  ppm 
for  90  days  was  reported  by  Haley  etal.  (1 ). 
After  consuming  500  ppm  of  the  carcinogen 
for  90  days,  one  male  mouse  developed  uri- 
nary bladder  carcinoma.  Another  male 
mouse  receiving  250  ppm  also  developed  a 
similar  carcinoma.  Clayson  et  aL  (2)  also 
observed  bladder  hyperplasia  after  feeding 
the  carcinogen  at  concentrations  of  300  ppm 
for  2  weeks.  They  suggested  that  there  is  a 
reasonable  correlation  between  early  hyper- 
plasia and  the  final  development  of  carci- 
noma. However,  feeding  /V-2-fluorenylace- 
tamide,  100  ppm,  for  455  days  resulted  in 
only  3  of  33  mice  showing  bladder  hyperpla- 
sia and  no  carcinoma  (Clayson  and  Bonser, 
3).  Moreover,  1-month  treatment  with  the 
chemical  resulted  in  bladder  hyperplasia 
which  was  present  when  the  experiment  was 
concluded.  The  males  had  a  greater  re- 
sponse than  the  females.  Haley  et  al.  (4) 
obtained  a  dose-response  related  urinary 
bladder  hyperplasia  in  BALB/c  mice  fed  A^- 
2-fluorenylacetamide  concentrations  vary- 
ing from  8  to  86  ppm  for  3  months.  Their 
males  were  also  more  responsive  than  their 
females.  No  carcinomas  were  produced  in 
that  experiment.  In  contrast  to  Clayson  and 
Bonser  (3),  no  lethality  from  the  chemical 
was  observed.  Upon  the  basis  of  the  above 
reports,  two  questions  arise:  (i)  Is  the  pres- 
ence of  /V-2-fluorenylacetamide  required  to 
prolong  urinary  bladder  hyperplasia  once  it 
is  induced?  (ii)  Will  continuous  feeding  of 
the  chemical  for  12  months  convert  the  hy- 
perplastic state  into  carcinoma  and  at  what 
time  interval?  We  have  investigated  these 
questions  with  large  numbers  of  BALB/c 
mice  and  a  serial  sacrifice  design. 

Methods.  BALB/c  strain  mice,  3360, 
equally  divided   between   the   sexes   were 


used.  The  animals  were  maintained  under 
minimum  disease  conditions  in  quarters 
thermostatically  regulated  to  24**  with  free 
access  to  food  and  water.  The  mice  weighed 
from  20  to  30  g.  The  sexes  were  randomized 
as  to  cages  and  racks.  The  mice  were  di- 
vided into  two  experiments  of  1680  mice 
each;  one  group  received  the  carcinogen  for 
3  months,  then  were  fed  control  diet  for  the 
ensuing  9  months,  while  the  second  group 
received  the  carcinogen  for  12  months.  In 
each  experiment  the  groups  were  composed 
of  240,  480, 480,  240, 160,  and  80  animals, 
equally  divided  by  sex  and  fed  dietary  con- 
centrations of  N-2-fluorenylacetamide  of  0, 
8,  24,  45,  59,  and  86  ppm,  respectively.  A^- 
2-fluorenylacetamide  dietary  content  was 
determined  by  the  methods  of  Bowman  and 
King  (5).  Sacrifice  periods  were  3,  5,  7,  9, 
and  12  months,  and  1/5  of  the  animals  were 
sacrificed  at  each  time  interval.  All  mice 
were  necropsied  and  the  following  tissues 
were  examined  microscopically  after  stain- 
ing with  hematoxylin-eosin:  lungs,  heart, 
aorta,  thymus,  anterior  femoral  muscle,  kid- 
neys, adrenal,  liver,  spleen,  gallbladder, 
pancreas,  cerebellum,  spinal  cord,  stomach, 
colon,  ileum,  duodenum,  cervical  lymph 
node,  salivary  glands,  lacrimal  gland,  eye, 
harderian  gland,  thyroid,  trachea,  esopha- 
gus, skin,  tongue,  sternum,  testes,  epididy- 
mus,  preputial  gland,  seminal  vesicle,  coag- 
ulating gland,  ovary,  uterus,  mammary 
gland,  urinary  bladder,  prostate,  pituitary, 
and  any  abnormal  tissue  masses.  All  data, 
including  physical  condition,  were  stored  in 
a  Modular  Computer  Systems  III/5  mini- 
computer, and  the  histopathological  infor- 
mation was  coded  on  mark  sensitive  forms 
and  entered  into  the  system  with  an  optical 
reader.  All  animals  were  weighed  weekly  as 
individuals  on  an  electronic  balance  inter- 
faced with  a  minicomputer. 
To  determine  the  possible  activation  or 
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iction  of  N-2-fluorenylacetamide  with 
ie  leukemic  viruses,  assays  for  Sendai, 
ima,  and  murine  leukemia  virus 
^v)  were  conducted  at  5-,  7-,  9-,  and 
onth  sacrifice  intervals.  Severs  (6)  and 
IT  et  aL  (7)  methods  were  used  for 
ima  and  Sendai  viruses  and  the  Kle- 

et  al.  (8)  and  the  Rowe  et  al.   (9) 
cxls  for  MuLv. 
jults.  General  observations.  The  previ- 

observed  calcareous  pericarditis  (4) 
observed  in  the  controls  and  treated 
Ells  with  the  condition  more  pro- 
ced  in  the  males  than  in  the  females. 
;  were  no  significant  effects  on  body 
It  in  any  group  in  either  experiment. 
thosis,  ulceration,  and  acute  and 
lie  inflammation  of  the  skin  was  ob- 
d  only  in  the  males  in  both  experiments 
V3S  probably  related  to  aggressiveness. 
J  I  lists  the  toxic  effects  (pooled  data) 
iced  by  feeding  yV-2-fluorenylacetam- 
ver  12  months  with  sacrifices  at  3-,  5-, 
,  and  12-month  intervals,  and  it  can  be 

that  the  changes  were  more  pro- 
ced  in  the  males.  Similar  changes  were 
tied  in  the  experiment  where  the  chem- 
ras  fed  for  only  3  months  and  the  liver 
(cs  suggest  that  permanent  damage  had 
ly  occurred  at  this  time.  The  liver 
{cs  confirm  (Clayson  and  Bonser  (3). 
th  experiments,  no  significant  changes 
observed  in  the  aorta,  thymus,  ante- 
femoral  muscle,  kidney,  adrenal, 
[1,  pancreas,  cerebellum,  spinal  cord, 
ich,  colon,  ileum,  duodenum,  cervical 
1  nodes,  eye,  thyroid,  trachea,  esopha- 


gus, tongue,  sternum,  testes,  epididymus, 
preputial  gland,  seminal  vesicle,  coagulating 
gland,  ovary,  uterus,  mammary  gland,  pros- 
tate, or  pituitary. 

Urinary  bladder  hyperplasia  and  neopla- 
sia. When  2-FAA  was  removed  from  the 
diet  after  feeding  for  3  months,  the  hyper- 
plasia in  males  decreased  to  almost  zero 
(Fig.  1).  The  females  at  59  and  86  ppm 
showed  hyperplasia  in  10/15  and  8/8  mice  at 
9  months  and  an  increase  at  12  months.  No 
carcinoma  was  observed.  However,  when  2- 
FAA  was  fed  for  1 2  months  a  dose-related 
hyperplasia  occurred  in  the  males.  Of  im- 
portance is  the  appearance  of  hyperplasia  in 
the  lowest  dose  group  of  the  males  (Fig.  1). 
Thus  it  appears  that  total  dose  or  continual 
dosage,  not  the  rate  of  delivery,  is  the  im- 
portant factor  in  hyperplasia  development. 
A  pronounced  difference  in  response  in  fe- 
males is  also  evident  and  it  is  probably  re- 
lated to  the  degree  of  metabolic  conversion 
of  2-FAA  by  this  sex  (15).  The  relationship 
of  dose  to  urinary  bladder  carcinoma  in 
males  is  shown  in  Table  II.  No  urinary  blad- 
der carcinoma  was  found  in  the  females. 
Apparently  a  pronounced  and  fully  devel- 
oped hyperplasia  is  essential  for  the  devel- 
opment of  neoplasia.  The  above  results  do 
not  appear  to  be  related  to  activation  of 
oncogenic  viruses  by  2-FAA,  or  dose  of  2- 
FAA  to  the  proportion  of  mice  with  positive 
virus  counts,  or  to  the  proportion  of  virus 
positive  mice  at  each  stage  of  hyperplasia  or 
neoplasia  when  analyzed  statistically.  How- 
ever, virus  counts  do  increase  with  age. 

Other  neoplastic  changes.  Table  III  lists 


3LE  I.  Toxic  Effects  from  Feeding  N-2-Fluorenylacetamide  to  BALB/c  Mice  (Pooled  Sacrirce 

Data). 


Fed  only 

3  months 

Fed  up  to 

12  months 

Control 

Treated 

Control 

Treated 

•ffcct 

6 

9 

6 

9 

6 

9 

6 

9 

btty  meta- 

8/iir 

0/115 

45/674 

2/707 

8/109 

0/119 

54/677 

0/696 

OSIS 

Sbrosis 

2/111 

0/115 

16/674 

2/707 

0/109 

0/119 

15/677 

0/696 

necrosis 

6/111 

2/115 

30/674 

2/707 

3/109 

0/119 

31/677 

7/696 

acute    in- 

8/111 

3/115 

8/707 

2/109 

2/119 

31/677 

8/696 

ation 

30/674 

chronic  in- 

8/111 

2/115 

5/707 

3/109 

0/119 

43/677 

12/696 

ation 

37/674 

nodular 

4/111 

0/115 

17/674 

1/707 

2/109 

0/119 

18/677 

0/696 

Oasia 

umber  responding  over  total  number  in  group. 
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Fig.  1 .  Bladder  hyperplasia  in  male  BALB/c  mice  fed  2-FAA.  Clear  area  =  fed  only  3  months;  shaded  area  = 
fed  until  sacrificed. 

TABLE  II.  Incidence  of  Urinary  Bladder  Neoplasia  in  BALB/c  Strain  Male  Mice  Fed  N-2- 
Fluorenylacetamide  for  Varying  Intervals. 


Sacrifice  in- 

Dose of  N-2-fluorenylacetamide  (ppm) 

terval 
(months) 

0 

8 

24 

45 

59 

86 

3 

0/23* 

0/48 

0/48 

0/24 

0/16 

0/8 

5 

0/23 

0/46 

0/44 

0/22 

0/16 

0/8 

7 

0/20 

0/47 

0/47 

0/24 

0/14 

0/7 

9 

0/20 

0/44 

0/42 

0/24 

0/15 

3/8 

12 

0/23 

0/41 

0/44 

1/22 

3/13 

4/8 

Number  responding  out  of  total  number  in  group. 

TABLE  III.  Total  Neoplasia  Occurring  in  Other  Tissues  of  BALB/c  Mice  Fed  N-2- 
Fluorenylacetamide  (Pooled  Sacrihce  Data). 


Fed  or 

ly  3  months 

Fed  up  to 

12  months 

Control 

Treated 

Control 

Treated 

Neoplasia 

6 

9 

<J 

9 

6 

9 

6 

9 

Lung  alveolar  cell  adenoma 
Hepatocellular  carcinoma 
Parotid  gland  adenoma 
Lacrimal  gland  adenoma 
Harderian  gland  adenoma 
Submaxillary  gland  adenoma 

10/112* 
2/110 
1/109 
1/90 
1/110 
4/109 

1/115 

0/115 

0/115 

2/86 

0/115 

0/113 

52/689 
5/675 
14/662 
19/596 
10/671 
6/671 

26/710 
0/709 
1/682 
10/495 
11/710 
2/701 

11/109 
0/109 
1/106 
5/75 
4/109 
3/106 

7/120 

0/119 

0/116 

0/67 

8/120" 

1/116 

41/677 
7/677 

14/653 

17/477 
8/677 

1 1/672 

32/695 
0/700 
3/685 
3/373 

10/696** 
3/683 

•  Number  responding  over  total  number  in  group. 

••  Significant  x'  =  10.67;  P  =  0.01;  all  othcn  not  significant. 


the  other  neoplasias  produced  by  feeding  2- 
FAA  for  3  and  12  months.  Again  a  pro- 
nounced sex  difference  is  evident,  with  the 
males  being  more  susceptible  in  most  cases. 
There  was  no  significant  difference  between 
the  treated  and  the  controls. 

Discussion.  The  results  obtained  by  feed- 
ing yV-2-fluorenylacetamide  for  periods  of  3 
or  12  months  indicate  that  the  presence  of 


the  chemical  is  essential  for  sustaining  uri- 
nary bladder  hyperplasia  and  possibly  caus- 
ing the  induction  of  neoplasia  of  this  organ. 
These  data  confirm  the  correlation  between 
bladder  hyperplasia  and  neoplasia  suggested 
by  Clayson  et  al.  (2),  and  mammary  gland 
hyperplasia  and  neoplasia  reported  by 
Fisher  et  al.  (10).  The  present  results,  con- 
trary to  those  of  Clayson  and  Bonser  (3), 
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d  that  both  bladder  hyperplasia  and 
asia  can  be  produced  by  feeding  2- 
at  lower  doses  for  shorter  time  pe- 
Moreover,  chemical  lethality  did  not 
,  thus  confirming  the  results  of  Levi  et 
1)  and  Haley  et  al.  (1),  but  not  those 
led  by  others  (12-14).  Our  observa- 
regarding  the  differences  in  response, 
hyperplasia  and  neoplasia  related  to 
upport  the  report  of  Armstrong  and 
T  (15)  regarding  differences  in  re- 
e  related  to  both  strain  and  sex  of  the 
^  used. 

imary.  Hyperplasia  induced  by  N-l- 
nylacetamide  requires  the  continuous 
ice  of  the  chemical  for  its  mainte- 
.  Feeding  the  chemical  at  levels  of  8  to 
>m  results  in  a  dose-response  related 
y  bladder  hyperplasia  and,  after  9  to 
onths,  in  bladder  neoplasia  at  the 
'  dose  levels.  Neoplasia  of  the  lungs, 
parotid  gland,  lacrimal  gland,  harder- 
and,  and  submaxillary  gland  was  also 
/ed.  Measurement  of  oncogenic  vi- 
revealed  no  synergism  with  2-FAA 
o  relationship  between  virus  counts 
eoplasia.  Calcareous  pericarditis  was 
^ed  and  most  general  toxicological  ef- 
>ccurred  in  the  liver.  A  pronounced 
ifference  in  response  was  observed 
le  males  giving  greater  responses  than 
nales  in  all  instances. 
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Several  years  ago  we  reported  that  pro- 
teins of  small  molecular  weight  with  specific 
F.  (factor)  Vlll-like  activity  are  present  in 
purified  preparations  of  leucineaminopepti- 
dase  made  from  porcine  and  canine  kidneys 
(1,  2).  Later,  we  demonstrated  that  treat- 
ment with  succinic  anhydride  of  human 
plasma  (3)  or  purified  human  albumin  (4) 
produces  a  F.  Vlll-like  activity  of  small  mo- 
lecular size.  Since  succinic  anhydride  irre- 
versibly attaches  carboxyl  groups  to  exposed 
epsilon-amino  groups  of  proteins,  it  oc- 
curred to  us  that  the  F.  Vlll-like  activity  of 
the  succinylated  proteins  might  be  an 
expression  of  the  increased  number  of  car- 
boxyl groups.  If  this  idea  were  correct,  then 
synthetic  polyamino  acids  rich  in  carboxyl 
groups,  such  as  polyglutamic  and  polyaspar- 
tic, should  also  have  F.  VIII  coagulant  activ- 
ity. This  paper  describes  our  experiments 
with  these  synthetic  polypeptides  which  do 
indeed  show  considerable  F.  VIII  activity  ex 
vivo.  Quite  unexpectedly  they  also  have 
weak  F.  IX  activity.  Some  of  these  findings 
were  reported  earlier  (5). 

Materials  and  methods,  Poly-L-glutamic, 
poly-L-aspartic,  and  poly-o-glutamic  acids  of 
varying  molecular  weights  were  purchased 
from  Schwartz-Mann  and  the  Nutritional 
Biochemicals  Corporation.  Stock  solutions 
of  1  mg/ml  were  prepared  in  distilled  water 
and  diluted,  before  testing,  with  0.05  M 
Tris-HCl  buffer,  pH  6.8,  containing  0.15  M 
NaCl.  The  partial  thromboplastin  used  in 
our  experiments  was  a  crude  phospholipid 
preparation  (Thrombofax)  distributed  by 
Ortho  Diagnostics.  Bio-Gel  A-15  M,  4% 
agarose,  200-400  mesh,  was  obtained  from 
Bio-Rad  Laboratories  and  used  in  a  2.5  x 
45-cm  Pharmacia  column  for  separation  of 
factor  VIII  from  Hemophil,  the  partially 
purified  plasma  concentrate  made  by  Hy- 

•  Supported  (in  part)  by  a  USPHS  Grant.  No.  HL- 
06350. 


land  Laboratories.  Citrated  plasmas  were 
collected  and  specific  1 -stage  assays  were 
performed  for  coagulation  factors  V,  VII. 
VIII,  IX,  X,  and  XII  (using  either  the  FT  or 
PTT  methods)  by  techniques  described  pre- 
viously (1). 

The  transfusion  studies  were  performed 
on  dogs  with  the  Chapel  Hill  strain  of  hemo- 
philia A  (6). 

Results,  Effect  of  the  polypeptides  in  clot- 
ting factor  assays.  Polyglutamic  acids  of  three 
different  molecular  weights,  and  a  single 
sample  of  polyaspartic  acid,  were  tested  in 
clotting  factor  assay  systems  using  plasmas 
deficient  in  specific  factors.  A  representa- 
tive experiment  illustrating  the  effects  of  the 
polypeptides  on  the  clotting  times  in  seven 
different  assay  systems  is  shown  in  Table  1 . 
It  is  clear  that  none  of  the  polypeptides 
shortened  the  clotting  times  of  the  F.  V. 
VII,  X,  or  XII  deficient  plasmas,  and  there 
was  only  a  trace  of  activity  in  the  F.  IX 
assay.  However,  each  of  the  peptides  mark- 
edly shortened  the  clotting  time  of  hemo- 
philic plasma.  In  addition,  polyaspartic  acid 
was  as  effective  against  a  F.  Vlll-deficient 
substrate  from  a  subject  with  vWd  as  from  a 
man  with  hemophilia  A. 

Specific  requirements  of  kaolin-activation 
and  phospholipid.  Table  II  demonstrates 
that  both  kaolin  activation  of  the  hemophilic 
plasma  and  additional  phospholipid  are  re- 
quired for  expression  of  the  activity  of  the 
polypeptides.  Hemophilic  plasma  was 
mixed  with  an  equal  part  of  buffer,  polyglu- 
tamic acid  (PGA),  or  normal  plasma.  One- 
tenth  milliliter  of  the  mixture  was  added  to 
0.1  ml  of  thrombofax  and  0.1  ml  of  CaClj. 
Buffer  was  substituted  for  the  phospholipid 
in  columns  2  and  4.  Hemophilic  plasma  in 
the  first  two  columns  had  been  activated  for 
10  min  with  kaolin  before  being  tested.  In 
the  first  column  (kaolin-activated  plasma 
and  lipid  present)  PGA  is  almost  as  effective 
as  normal  plasma  in  correcting  the  pro- 
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TABLE  I.  Effect  of  Polyglutamic  and  Polyaspartic  Acids  on  Clotong  Factor  Assays:  Specihc 

Single  Factor-Dehcient  Plasmas." 


V 

X 

XII 

IX 

VIII 

HEM.  A. 

vWd 

VII* 

Test  material 

Clotting 

times,  seconds/units  of  factor  per  ml 

buffer 

>250/0 

228/0 

>260/0 

186/0 

167/0 

183/0 

58/0 

%  Normal  plasma 

218/.01 

167/.01 

256/.01 

147/.01 

139/.01 

123/.01 

36/.01 

0%  Normal  plasma 

122/. 20 

111/.20 

163/. 20 

103/. 20 

99/. 20 

97/.20 

17/. 20 

•oly-L-glutamic  acicf 

4100  mol  wt 

>250/0 

>230/0 

>260/0 

132/. 06 

97/ .46 

— 

75/0 

5000-15,000  molwt 

>250/0 

216/<.01 

>260/0 

151/<.01 

101/.32 

— 

78/0 

75,000  mol  wt 

>250/0 

>230/0 

>260/0 

144/. 02 

106/. 24 

- 

85/0 

•oly-L-aspartic  acicf 

2500-6000  mol  wt 

>250/0 

225/<.01 

>260/0 

148/.01 

95/.52 

92/. 60 

68/0 

"  Plasma  obtained  from  individuals  with  hereditary,  congenital  factor  deficiencies. 

*  Prothrombin- time  assay.  All  other  assays  are  of  the  PTT  type,  kaolin-activated.  Each  clotting  time  is  the 
verage  of  three  determinations. 

**  Stock  solutions  of  1 .0  mg  of  polypeptide/ml  buffer  were  diluted  from  20  to  1  %  and  tested  in  the  assays.  These 
lotting  times  are  of  the  10%  dilutions  in  each  assay. 


TABLE  II.  Necessity  of  Kaolin- Activation  and 

Phospholipid  for  Demonstrating  the  F.  VIII- 

Like  Actxvtty  of  Polyglutamic  Acid  on 

Recalcihcation  Times. 

Clotting  times,  seconds 


est  material 


Kaolin 

and 
throm- 
bofax 


Ka- 
olin, 

no 
throm- 
bofax 


No  ka- 

No  ka-     olin, 

olin,         no 

throm-    throm- 

bofax     bofax 


TABLE  III. 

A.  Effect  of  Poly-l-Glutamic  Aao  (PGA)  of 

175,000  mol  wt  on  Partial  Thromboplastin 

Time  (PTT)  of  Plasmas  Previously  Activated 

with  Kaolin 

Clotting  times,  seconds 


Type  of  plasma 


Plasma  + 
buffer" 


Plasma  + 
PGA* 


lemophilic    plasma  >250      >250      >250      >250 

-♦-  buffer- 
lemophilic    plasma      101      >250     >250      >250 

+  PGA* 
lemophilic    plasma        89         172         107      >250 

-♦-  normal  plasma^ 

•  Tris-HCl,  0.05  Af ,  NaCl,  0.15  Af ,  pH  6.8. 

*  Poly-L-glutamic  acid,  175,000  mol  wt,  0.1  mg/ml 
uffer. 

*"  Undiluted. 

longed  clotting  time  of  the  hemophilic 
plasma.  Omission  of  the  lipid  alone  (column 
2)  or  the  kaolin  alone  (column  3)  abolishes 
the  F.  VIII  corrective  effect  of  PGA. 

The  previous  experiment  showed  that 
PGA  is  effective  in  shortening  the  clotting 
ime  of  F.  VIII  deficient  plasmas  in  the 
>resence  of  phospholipid  when  the  hemo- 
philic substrate  plasma  has  been  activated 
vith  kaolin.  Table  III  shows  that  kaolin  acti- 
vation must  occur  before  addition  of  the 
x)lypeptide.  The  bottom  line  of  Table  III  A 
hows  the  corrective  effect  of  PGA  in  prior- 
ictivated  plasma.  The  bottom  line  of  Table 
IIB  shows  the  absence  of  a  corrective  effect 
n  subsequently  activated  plasma.  (In  each 


Normal  63 

Factor  XII  deficient  394 

Factor  X  deficient  184 

Factor  IX  deficient  260 

Factor  VIII  deficient  204 


59 
336 
182 
118 

90 


B.  Effect  of  PGA  of  175,000  mol  wt  on  the  PTT 

OF  Plasmas  Subsequently  Activated  with 

Kaolin 

Clotting  times,  seconds 


Plasma  -♦- 

Plasma  + 

Type  of  plasma 

buffer" 

PGA* 

Normal 

62 

68 

Factor  XII  deficient 

>400 

>400 

Factor  X  deficient 

253 

220 

Factor  IX  deficient 

241 

252 

Factor  VIII  deficient 

221 

213 

«  Tris-HCl,  0.05  Af ,  pH  6.8. 
*  0.1  mg/ml. 


instance,  the  plasma  was  activated  with  ka- 
olin for  10  min  at  28°  before  addition  of 
thrombofax  and  CaCl2.) 

The  factor  VIII  "potentiating  effect**  of 
polyglutamic  acid.  When  either  polyglu- 
tamic or  polyaspartic  acid  is  added  to  nor- 
mal plasma  or  to  fractions  of  normal  plasma 
containing  F.  VIII,  more  F.  VIII  activity  is 
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observed  than  expected.  (The  same  effect 
has  been  seen  when  kidney  AHF  or  the 
small-molecular  AHF3  from  succinylated  al- 
bumin had  been  added  to  normal  plasma 
and  the  mixture  assayed  for  F.  VIII).  We 
referred  to  this  effect  as  ^'potentiation"  of 
plasma  F.  VIII  (2).  Table  IV  shows  the 
degree  of  "potentiation"  of  plasma  F.  VIII 
when  a  sample  of  polyglutamic  acid  of 
75,000  mol  wt  is  added  to  normal  plasma, 
to  Fraction  1-0  (7)  and  to  a  highly  purified 
F.  VIII  preparation.  The  table  also  shows 
the  converse,  i.e.,  the  absence  of  '*potentia- 
tion"  when  PGA  is  added  to  a  hemophilic 
fraction.  PGA  enhanced  the  F.  VIII  activity 
of  each  test  material  that  contained  F.  VIII 
activity  derived  from  normal  plasma  by 
from  two-  to  fivefold  while  the  mixture  with 
hemophilic  I-O  was  inhibitory.  When  the 
mixture  of  the  purified  F.  VIII  fraction  and 
PGA  was  tested  in  assays  based  upon 
plasma  defective  in  factors  other  than  F. 
VIII,  it  lacked  potentiating  effect.  Thus  it  is 
seen  that  the  PGA  specifically  ^'potentiates" 
F.  VIII. 

Behavior  of  poly-L-glutamic  acid  in  dogs, 
in  vivo  and  ex  vivo.  Since  polyglutamic  acid 


TABLE  IV.    Potentiation"  of  F.  VIII  Acnvirv 
BY  PGA. 


F 

.  VIII,  u/ml 

Ratio 

obs./ 

Test  mixture 

Obs. 

Exp. 

exp 

(l)PGA"  +  buffer* 

0.38 

(2)  Normal       plasma 

+ 

0.56 

buffer 

Normal  plasma  +  PGA 

4.65 

0.94 

4.9 

(1  +2) 

(3)  Normal  fraction  l-O 

+ 

1.35 

buffer 

Normal  fraction  l-O 

+ 

4.40 

1.73 

2.5 

PGA 

(I  +  3) 

(4)F.    VIII    fraction   ' 

+ 

0.49 

buffer 

F.  VIII  fraction  +  PGA 

4.15 

0.87 

4.8 

(1  +4) 

(5)  Hemophilic  fraction 

<.01 

1-0  +  buffer 

Hemophilic  fraction 

0.20 

0.38 

0.53 

1-0  +  PGA 

(1  +  5) 

"  Polyglutamic  acid,  mol  wt  75,000,  0.1  mg/ml 
buffer. 

*  Tris-HCl,  0.05  M,  NaCI,  0.15  Af ,  pH  6.8. 

'  Vo  fraction  of  "Hemophil"  filtered  through  Bio- 
Gel  A-15  M. 


is  very  active  in  F.  VIII  assays  when  kaolin- 
activated  human  hemophilic  plasma  is  used 
as  substrate,  its  effect  was  studied  in  F.  VIII 
assays  based  on  canine  plasma.  A  variety  of 
polyglutamic  and  polyaspartic  acids  of  dif- 
ferent molecular  weights  and  a  wide  range 
of  concentrations  were  studied  in  F.  VIII 
assays  using  kaolin-activated  plasmas  ob- 
tained from  hemophilic  dogs  of  the  Chapel 
Hill  strain  (6).  No  F.  Vlll-like  activity  was 
demonstrated  under  any  of  these  condi- 
tions. 

Despite  these  negative  ex  vivo  results,  a 
few  in  vivo  experiments  were  performed.  In 
one  experiment,  a  mixture  of  100  mg  of 
poly-L-glutamic  acid  of  75,000  mol  wt,  500 
mg  of  canine  albumin,  and  2.0  ml  of  canine 
brain  cephalin  (1.5%),  in  a  total  volume  of 
10  ml  of  0.15  Af  NaCI  were  injected  into  a 
9.5-kg  hemophilic  dog.  Blood  was  drawn  at 
intervals  over  a  24-hr  period  following  infu- 
sion and  the  following  tests  were  performed: 
whole  blood  clotting  time,  thrombin  clotting 
time,  partial  thromboplastin  time,  euglobu- 
lin  lysis  time,  and  assays  for  factors  VIII, 
IX,  and  X.  No  significant  change  was  ob- 
served in  any  of  the  tests.  Negative  results 
were  also  obtained  when  only  polyglutamic 
acid  was  infused.  These  in  vivo  results  are 
similar  to  those  previously  obtained  on  infu- 
sion into  dogs  of  F.  VIII  activity  of  small 
mol  wt  isolated  from  canine  kidneys  or  pro- 
duced by  succinylation  of  canine  albumin 
(unpublished  results).  It  should  be  noted, 
however,  that  both  of  these  latter  prepara- 
tions had  shown  factor  VIII  activity  ex  vivo 
in  canine  assays. 

Summary  and  discussion.  We  have  shown 
that  polyglutamic  and  polyaspartic  acids  are 
quite  active  in  specific  assays  for  F.  VIII, 
much  less  so  in  specific  assays  for  F.  IX,  and 
inactive  in  four  other  systems  (Table  I).  The 
F.  VIII  and  IX  activities  are  demonstrable 
only  when  the  deficient  substrate  plasmas 
have  been  activated  previously  with  kaolin 
and  when  phospholipid  is  also  present  (Ta- 
bles II  and  III).  Furthermore,  polyglutamic 
acid  ''potentiates"  F.  VIII  activity,  two-  to 
fivefold,  when  it  is  added  to  normal  human 
plasma  or  F.  Vlll-rich  fractions  of  normal 
human  plasma  (Table  IV). 

"Potentiation"  of  F.  VIII  by  PGA  is  ap- 
parently different  from  activation  or  en- 
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nent  of  F.  VIII  activity  by  thrombin. 
low  concentrations  of  thrombin  are 
I  to  activate  F.  VIII  in  a  time-depend- 
action  in  which  maximum  activation 
lot  occur  until  several  minutes  after 
I  (8).  This  increase  in  F.  VIII  activity 
table,  decreasing  to  the  original  value 
further  incubation.  In  contrast,  the 
ntiating"  effect  upon  plasma  F.  VIII 
lyglutamic  acids  (as  well  as  kidney 
and  AHF3  prepared  from  albumin)  is 
/ed  immediately  upon  mixing  and  re- 
stable  for  hours  at  room  temperature 
blished  observations). 
•  experiments  suggest  that  polyglu- 
acid  does  not  decrease  clotting  times 
tivating  factors  XII,  XI,  or  IX,  but 
)nce  these  factors  have  been  activated 
>lin,  polyglutamic  acid  is  able  to  "sub- 
"  for  F.  VIII.  The  fact  that  the  PGA 
a  slight  corrective  effect  in  previously 
ted  F.  IX  deficient  plasma  suggests  a 
Jy  even  wider  role,  i.e.,  that  polyglu- 
acid  may  mimic  the  "intrinsic  F.  X 
tor." 

>lin-activation  of  the  F.  VIII  deficient 
ate  is  an  absolute  requirement  for 
>sion  of  the  activity  of  the  polypep- 
In  this  respect  the  F.  Vlll-like  activity 
synthetic  polypeptides  is  similar  to  the 

molecular  F.  VIII  activity  isolated 
cidneys  (1 ,  2)  or  obtained  by  succinyl- 
of  plasma  or  albumin  (3,4).  This  pe- 
tty suggests  that  F.  IXa  may  be  re- 
1  in  the  test  system  if  the  F.  VIII  activ- 

the  polypeptides  is  to  be  detected. 
»holipid  is  also  required  for  the  meas- 
*nt  of  the  F.  Vlll-like  activity  of  the 
eptides,  indicating  that  they  are  not 
mboplastic"  in  nature, 
yglutamic  acids  active  in  human  F. 
Lssays  were  found  not  to  be  active  in  F. 
assays  based  upon  hemophilic  dog 
a,  even  when  kaolin  and  phospholipid 
present,  nor  to  have  any  effect  when 
used  into  hemophilic  dogs.  "Kidney 
'  and  "albumin  AHF3",  by  contrast 
:tive  ex  vivo  in  canine  assays,  although 
00  appear  to  have  no  effect  in  vivo, 
;re  may  be  several  explanations  for  the 
►f  an  in  vivo  effect.  Polyglutamic  acid, 
y  "AHF"  and  albumin  "AHF3''  may 
mpletely  unrelated  to  the  coagulation 


moiety  recognized  as  plasma  F.  VIII.  How- 
ever, if  it  is  assumed  that  they  are  related,  at 
least  three  possibilities  occur  to  us  which 
might  explain  the  negative  in  vivo  results,  (i) 
It  may  be  necessary  for  each  small  molecu- 
lar form  of  F.  VIII  to  attach  to  a  larger 
moiety  in  order  to  be  active  physiologically. 
Following  transfusion  in  the  dog,  the  coagu- 
lant-active component  may  be  unable  to 
combine  with  the  F.  VIII  "carrier"  protein 
(1,9)  due  to  abnormal  binding  sites  on  the 
latter,  (ii)  The  "carrier  protein"  of  the  he- 
mophilic dog  might  rapidly  bind  the  coagu- 
lation-active peptide  in  a  manner  so  steri- 
cally  abnormal  that  it  is  rendered  inacessible 
to  the  other  reactants  involved  in  normal 
coagulation  (10).  (iii)  The  small  molecular 
entities  may  be  so  rapidly  cleared  from  the 
circulation  that  an  effect  cannot  be  readily 
detected. 

Some  of  these  suggestions  have  been 
drawn  from  the  experiments  of  Cooper  et  aL 
(11)  who  have  demonstrated  that  when  nor- 
mal canine  F.  VIII  is  dissociated  with  0.25 
M  CaCIa  the  active  coagulant  fraction  does 
not  recombine  with  the  "carrier  protein"  of 
hemophilic  dog  plasma.  This  is,  of  course, 
the  reverse  of  the  results  found  with  human 
fractions  in  which  full  recombination  has 
been  found  to  occur  between  dissociated 
normal  F.  VIII  and  the  "carrier  protein" 
purified  from  hemophilic  plasma  (11). 

Our  experiments  with  polyamino  acids 
leave  many  questions  unanswered.  These 
include:  (a)  Why  should  PGA  and  PA  A 
have  any  procoagulant  activity?  (b)  Why 
should  the  procoagulant  activities  of  PGA 
and  PAA  manifest  themselves  primarily  as 
F.  VIII,  secondarily  as  F.  IX,  and  not  at  all 
as  F.'s  V,  VII,  X,  or  XII?  (c)  Why  is  prior 
activation  with  kaolin  an  absolute  require- 
ment for  assaying  the  activities  of  PGA  and 
PAA?  (d)  Why  is  PGA  active  against  the  F. 
VIII  defective  plasma  of  man  and  not  the  F. 
Vlll-defective  plasma  of  dogs?  (e)  What  is 
the  significance  of  "potentiation." 

Perhaps  our  experiments  with  the  poly- 
peptides are  suggesting  that  F.  VIII  activity 
is  a  less  specific  phenomenon  than  is  ordi- 
narily thought,  i.e.,  is  less  specific  than  the 
enzymatic  activities  of  F.  II,  VII,  IX,  and  X. 
If  the  "F.  VIII  effect"  proves  to  be  more 
complex  and  not  as  limited  in  specificity  as 
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that  of  the  serine  proteases,  our  experi- 
ments suggest  that  it  may  be  possible  some- 
day to  prepare  artificial  F.  VIII. 
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toxic  effects  of  hexachlorophene 
I  on  the  central  nervous  system  in- 
paralysis  of  limbs  with  tonic  extensor 
/  and  edema  and  spongy  degeneration 
te  matter  in  the  brain  and  spinal  cord 
These  effects  are  reversible  upon  ces- 
of  HCP  administration  (2),  making  it 
ly  that  permanent  damage  to  cerebro- 
neurons  is  sustained  in  surviving  ani- 
[nstead,  the  signs  suggest  a  ''pressure 
'  (5)  with  the  possibility  of  fatal  out- 
n  cases  that  are  severe,  sustained,  and 
*ved.  This  led  us  to  investigate 
2r  toxic  amounts  of  HCP  produce  ele- 
s  of  cerebrospinal  fluid  pressure 
')  and  if  so,  whether  this  effect  could 
agonized  or  reversed.  The  wide  range 
irological  observations  accessible  to 
''clinical"  test  in  the  cat  was  the  basis 
oice  of  this  species  over  the  rat  for 
>  reported  here. 

erials  and  methods.  Eighteen  male 
el  cats,  1  to  2  years  old,  were  immu- 
for  distemper  and  pneumonitis  and 
d  to  become  accustomed  to  our  labo- 

for  4  to  5  weeks  before  use.  They 
-emoved  from  their  cages  twice  each 
and  allowed  free  movement  in  the 
1  room  while  under  observation  to  ac- 
n  them  to  the  handling  necessary  for 
;  and  examination.  They  were  system- 
y  observed  before  and  after  treatment 
ling  to  a  checklist  that  included  the 
a  from  Norton  and  DeBeer  (6),  in- 
g  recognition  of  personnel,  grooming, 
g,  drinking,  and  exploratory  behav- 
id  many  of  the  neurological  tests  out- 
>y  McGrath  (7),  such  as  muscle  tone, 
I,  righting,  placing,  and  extensor  and 
reflexes. 

?,  at  a  dose  of  20  mg/kg,  was  weighed 
capsule  for  each  animal  and  adminis- 
laily  by  the  oral  route.  Blood  samples 


were  taken  at  regular  intervals  and  HCP 
concentrations  in  whole  blood  were  meas- 
ured by  the  gas-liquid  chromatography 
method  of  Ulsamer  (8). 

Cats  in  complete  paralysis  were  placed 
under  pentobarbital  anesthesia  and  cisternal 
CSFP  was  measured  by  a  modification  of 
the  method  of  Hayes  and  Corey  (9),  using  a 
Statam  P-23  pressure  transducer  and  a 
Grass  Model  7  polygraph.  A  3-way  valve 
attached  to  the  pressure  transducer  was 
used  to  calibrate  the  polygraph  to  a  full  scale 
deflection  with  a  100-mm  column  of  0.9% 
saline.  Pressures  were  taken  via  a  22-gauge 
needle  inserted  into  the  cistema  magna. 
Paralyzed  cats  were  given  urea  in  invert 
sugar  solution,  acetazolamide,  or  predniso- 
lone by  slow  iv  infusion  to  investigate  the 
possibility  that  toxic  effects  of  HCP  could  be 
reversed.  Upon  termination  of  the  experi- 
ments brain  and  spinal  cord  were  collected 
for  neuropathology. 

Results.  The  number  of  daily  doses  re- 
quired before  the  cats  showed  the  first  signs 
of  toxicity  (stiffness  of  the  hind  limbs  and 
swinging  movements  of  the  pelvic  girdle) 
varied  from  2  to  12,  and  the  number  of 
additional  doses  required  for  the  subsequent 
progression  to  severe  toxicity  varied  from  1 
to  4  (Table  I).  This  wide  variation  seemed 
to  be  related  to  both  differing  individual 
animal  sensitivities  to  HCP  and  to  the  wide 
variation  in  degree  of  absorption  of  HCP 
after  oral  administration.  Blood  concentra- 
tions determined  at  various  times  after  each 
dose  showed  that  HCP  was  both  rapidly 
absorbed  and  rapidly  cleared  from  the 
blood;  values  reached  peaks  ranging  from 
approximately  3-17  /utg/ml  at  or  before  12 
hr  after  each  dose  and  then  decreased  to 
relatively  low  levels  ranging  from  0.1-0.9 
/Ltg/ml  24  hr  after  each  dose  (Table  II). 
There  was  great  variability  in  HCP  concen- 
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TABLE  I.  A  Comparison  of  Pathology  Findings  with  the  Number  of  Doses  of  Hexachlorophene 
Causing  Onset  of  Toxicity  and  Cerebrospinal  Fluid  Pressure  in  the  Cat."* 


Number  of  doses 

Pathology  findings 

Cerebro 
pressure 

tspinal  fluid 
(mm  saline) 

Cere- 

bral 

First  tox- 

Severe 

Spinal 

Brain- 

Cere- 

hemi- 

Before 

After 

Cat  number 

icity 

toxicity 

Total 

cord 

stem 

bellum 

sphere 

HCP 

HCP 

27715 

4 

8 

8 

2 

4 

4 

4 

— 

240.0 

3285 

4 

7 

7 

4 

4 

4 

4 

— 

135.0 

CP-5'^ 

— 

— 

- 

n 

n 

n 

n 

— 

50.0 

cp-e^ 

— 

- 

- 

n 

n 

n 

n 

— 

82.5 

28826 

12 

15 

15 

4 

4 

4 

4 

— 

167.5 

3249 

~ 

- 

8 

1 

2 

2 

2 

— 

132.5 

3289 

2 

3 

3 

2 

2 

2 

2 

- 

182.5 

26400 

9 

13 

13 

2 

4 

4 

4 

_ 

185.0 

3281 

6 

9 

9 

2 

4 

4 

4 

22.5 

262.0 

3291 

6 

7 

8 

1 

4 

4 

4 

27.5 

115.0 

5167 

6 

7 

8 

1 

4 

4 

4 

14.0 

85.0 

3292 

5 

6 

7 

n 

4 

4 

4 

22.5 

120.0 

3280 

4 

5 

6 

4 

4 

4 

4 

27.5 

275.0 

28606 

4 

5 

6 

4 

4 

4 

4 

17.5 

185.0 

"  Pathology  scores:  1  -  slight  focal  vacuolization  of  white  matter;  2  =  slight  focal  or  diffuse;  3  =  moderate 
vacuolization  with  some  displacement  of  architecture;  4  =  moderate  to  severe;  n  =  normal. 
*  The  daily  hexachlorophene  dose  was  20  mg/kg. 
''  CSFP  was  taken  1  month  after  the  last  HCP  dose. 


TABLE  II.  Hexachlorophene  Concentrations" 

IN  Whole  Blood  of  Cat  at  Several  Intervals 

AFTER  A  Single  Oral  Dose  of  20  mg/kg. 


Ex- 
peri- 

Interval after  dosing  (hr) 

ment 

Num- 

num- 

ber of 

ber 

2.5            6.0           12.0         24.0 

cats 

C-3 

7.98          7.63         6.47         0.89 
±1.29     ±  1.69     ±1.76     ±  0.20 

6 

C-4 

3.08         3.93         0.54 
±  0.59     ±  0.95     ±  0.15 

5 

°  Expressed  in  /ig/ml  ±  SEM. 

(rations  in  blood  between  cats  and  from  day 
to  day  in  the  same  animal.  One  major  cause 
of  the  variation  may  be  the  fact  that  cats 
often  vomited;  when  this  occurred  within  3 
to  6  hr  after  HCP  dosing  much  of  the  sub- 
stance was  lost  and  concentrations  in  blood 
were  low.  Since  vomiting  did  not  appear 
within  a  few  minutes,  it  probably  resulted 
from  an  action  on  the  vomiting  center  and 
therefore  may  have  been  the  earliest  sign  of 
toxicity  within  the  neuraxis. 

The  toxic  effects  of  HCP  in  the  cat  were 
seen  as  a  gradually  progressing  degenera- 
tion of  first  motor  and  then  autonomic  func- 
tions that  began  in  the  hindquarters  and 
proceeded  craniad.  The  first  signs  were  stiff- 
ness of  the  hind  limbs  that  resulted  in  rigid 


gait  and  an  elevated  and  widely  swinging 
movement  of  the  pelvic  girdle .  These  signs 
later  extended  to  include  incoordination  of 
all  limbs,  ataxia  and  weakness  of  the  limbs, 
and  occasionally  patellar  hyperreflexia  and 
impairment  of  righting  reflex.  Sustained  uri- 
nary retention  also  occurred  and  was  often 
accompanied  by  hematuria,  resulting  in  a 
greatly  distended  bladder  that  could  be  re- 
lieved by  manual  expression  of  urine.  Signs 
suggesting  pain,  discomfort,  and  possibly  dis- 
orientation appeared  at  this  stage  of  toxic- 
ity and  were  accompanied  by  what  might  be 
called  distressed  crying;  food  consumption 
dropped  to  low  levels  with  progressive  and 
severe  weight  loss  and  signs  of  dehydration. 
As  intoxication  worsened  it  progressed  to 
complete  prostration;  signs  during  this  stage 
included  loss  of  righting  reflex,  spastic  and/ 
or  flaccid  paralysis  of  hindlimbs,  inability  to 
stand  or  walk,  and  depressed  or  absent  fore- 
limb  placement  reactions  followed  by  spas- 
tic paralysis  of  the  forelimbs.  The  forelimb 
paralysis  was  often  accompanied  by  an  exag- 
gerated extensor  reflex  elicited  by  lifting  the 
head  and  stretching  the  neck  dorsally.  Cra- 
nial nerve  functions  remained  unaffected; 
i.e.,  ocular  accommodation,  pupillary  and 
eyelid  reflexes,  pinnal  and  vibrissa!  re- 
sponses to  persons  and  touch,  reactions  to 


ANTAGONISM    OF   HEXACHLOROPHENE   PARALYSIS 


167 


''recognition"  of  environmental 
nnel,  etc.)  changes,  and  abdominal 
ition  were  normal,  and  the  animals 
drink  water  when  a  container  was 
It  into  contact  with  the  mouth.  In  only 
ise  was  there  suggestion  of  unilateral 
r)  papilledema.  Finally,  the  animals 
ted  complete  flaccid  paralysis,  loss  of 
lexes,  dilated  pupils,  and  hypothermia 
ed  by  death  within  24  hr. 
mals  which  were  completely  para- 
but  which  had  not  reached  the  final 
of  CNS  depression  generally  survived 
T  administration  was  discontinued, 
cats  recovered  slowly  with  the  signs  of 
;y  disappearing  in  a  sequence  opposite 
t  in  which  they  developed.  Neuropa- 
;y  performed  at  various  stages  of  in- 
tion  showed  spongy  degeneration  or 
s  spongiosis''  of  white  matter  in  brain 
3inal  cord  without  neuronal  involve- 
there  was  no  dilation  of  cerebral  ven- 
or  damage  to  ependymal  linings.  In 
il  instances  the  white  matter  of  the 
was  more  severely  affected  than  that 
spinal  cord.  Complete  recovery  after 
lal  dose  of  HCP  required  4  to  6  weeks 

s  in  complete  paralysis  were  placed 
pentobarbital  anesthesia  and  cisternal 
was  measured.  CSFP  in  these  animals 
gnificantly  elevated  to  a  mean  of  1 74 
iline,  whereas  untreated  controls  had 
n  pressure  of  19  mm  saline  (Tables  I 
II).  The  elevated  pressure  in  HCP- 
d  animals  began  to  fall  several  minutes 
I  slow  iv  infusion  of  30%  urea  (in  10% 
sugar  solution)  at  a  dose  of  2  g/kg  and 

LE  III.  Effect  of  Hexachlorophene  and 
ON  Cerebrospinal  Fluid  Pressure  (CSFP) 
OF  Cats." 


ment 
up 

Mean  CSFP  ± 
SEM 

Num- 
ber of 
cats 

P 

:ated 
jated. 

19.4  ±  2.3 
173.8  ±  17.5 
-100.1  ±  27.7 

8 

12 

6 

<0.001* 

<o.oor 

urea 

311 

e 

256.4  ±  10.9 

6 

urea 

3n 

>ressed  as  mm  saline, 
npared  to  control  cats, 
npared  to  HCP-treated  cats. 


was  rapidly  reduced,  within  1  hr,  by  a  mean 
of  256  mm  saline  to  a  mean  negative  pres- 
sure of  - 100.1  mm  saline  relative  to  atmos- 
pheric pressure,  which  is  0  mm  in  our  sys- 
tem (Table  III).  This  effect  lasted  3  to  4  hr 
during  which  time  the  elevation  of  CSFP 
gradually  returned.  Acetazolamide  (200 
mg/kg)  given  concomitantly  with  or  after 
urea  administration  did  not  affect  CSFP.  In 
addition,  neither  acetazolamide  nor  prednis- 
olone (2.5  mg/kg,  iv)  administered  alone 
had  any  effect  on  the  elevated  CSFP  in 
HCP-intoxicated  animals. 

In  a  series  of  separate  experiments  in 
which  unanesthetized  animals  were  visually 
observed,  five  cats  paralyzed  by  HCP  were 
able  to  stand  and  walk  within  50  min  after 
having  been  given  urea  (same  dose  as 
above)  by  slow  iv  infusion.  This  very  strik- 
ing effect  lasted  3  to  4  hr  before  paralysis 
returned. 

Discussion.  The  toxicity  of  HCP  has  been 
shown  to  be  associated  with  spongy  degen- 
eration of  the  white  matter  of  the  brain  and 
spinal  cord  in  rats  (2,3).  This  degeneration 
is  very  similar  to  the  '^status  spongiosis" 
seen  in  other  disorders  and  thought  to  be 
due  to  diffuse  brain  edema  (5,  10,  11).  The 
data  of  the  present  report  show  that  consid- 
erable elevations  in  cerebrospinal  fluid  (and 
therefore  intracranial)  pressure  occurs  with 
progressive  paralysis  in  the  HCP-poisoned 
cat,  and  that  relief  of  the  elevated  pressure 
results  in  reversal  of  paralysis.  We  have 
shown  that  urea,  an  osmotic  diuretic,  lowers 
this  elevated  CSFP  (12,  13),  probably  by 
removing  fluid  from  the  brain  mass  (14). 
Examination  of  brain  sections  from  HCP- 
poisoned  cats  in  the  present  study  did  not 
show  dilation  of  the  cerebral  ventricles,  rul- 
ing out  the  possibihty  of  intracranial  hyper- 
tension of  obstructive  origin.  Thus  it  would 
appear  that  increased  pressure  does  not 
arise  from  increased  fluid  in  the  ventricles, 
but  rather  in  the  surrounding  tissue.  In  fact, 
the  whole-brain  sections  in  our  study 
showed  extensive  and  severe  damage  to 
white  matter  and  myelin  sheaths  only,  in 
agreement  with  the  findings  of  others  (2, 
10,  15)  who  have  observed  demyelination 
and  splitting,  with  no  injury  to  the  ependy- 
mal lining  of  the  ventricles  or  the  arachnoid 
villi.  The  marked  elevation  in  CSFP  pro- 
duced by  HCP  and  its  relief  by  an  osmotic 
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agent  is  consistent  with  the  reported  recov- 
ery of  rats  from  paralysis,  upon  cessation  of 
HCP  administration,  so  long  as  HCP  had 
not  damaged  critical  life-sustaining  centers 
of  the  CNS.  It  is  also  consistent  with  the 
opinion  that  irreversible  damage  to  CNS 
neurons  need  not  occur  to  account  for  fatal 
paralysis;  no  neuropathology  sections  of 
brain  and  cord  of  cats  dying  from  HCP  in 
our  studies  showed  any  neuronal  damage. 

Finally,  the  inability  of  acetazolamide  to 
alter  significantly  the  elevated  CSFP  in 
HCP-poisoned  cats  appears  to  rule  out  a 
lesion  resulting  in  overproduction  of  cere- 
brospinal fluid.  Likewise  prednisolone, 
commonly  used  to  reduce  intracranial  pres- 
sure following  trauma,  did  not  affect  (up  to 
6  hr)  the  elevated  CSFP  in  HCP-poisoned 
cats.  This  was  not  entirely  unexpected  since 
the  latency  or  onset  of  effect  of  this  com- 
pound has  been  reported  to  be  much  longer 
than  that  of  urea  (16)  and  may  be  a  signifi- 
cant limitation  in  its  usefulness  in  treating 
HCP  poisoning.  Also,  the  failure  of  prednis- 
olone to  have  an  effect  suggests  that  the 
HCP  lesion  may  not  be  inflammatory  in 
origin. 

The  limits  of  usefulness  and  the  safety  of 
urea  and  other  osmotically  acting  drugs  in 
treatment  of  HCP  intoxication  of  life- 
threatening  severity  need  to  be  established 
by  additional  study,  since  the  results  of  the 
present  study  suggest  that  elimination  of  the 
administered  urea  under  conditions  of  our 
tests  results  in  reestablishment  of  the  intra- 
cranial hypertension.  It  is  possible  that  a 
constant  iv  infusion  of  urea  might  signifi- 
cantly prolong  its  actions.  Edema  of  other 
organs  may  also  be  affected  by  urea;  how- 
ever, barring  the  occurrence  of  serious  car- 
diac arrhythmia  of  sudden  onset,  this  treat- 
ment may  be  capable  of  counteracting  many 
supralethal  doses  of  HCP.  This  might  have 
important  clinical  implications  for  the  man- 
agement of  cases  of  poisoning  with  this  sub- 
stance. 

Summary.  Cats  given  HCP  (20  mg/kg) 
orally  each  day  developed  hindlimb  paraly- 
sis and  greatly  elevated  CSFP  (174  mm  sa- 
line; 19  mm  in  controls)  in  3  to  5  days. 
'^Status  spongiosis"  was  seen  in  white  mat- 
ter only  in  sections  of  brain  and  cord.  There 
was  no  dilation  of  cerebral  ventricles,  or 


damage  to  their  ependymal  linings  or  to  the 
arachnoid  villi.  The  neurological  picture  ex- 
cluded any  but  a  terminal  effect  upon  cra- 
nial nerve  function.  There  appeared  to  be 
no  damage  to  neurons,  and  recovery  of  sur- 
vivors was  complete  within  6  weeks  after 
cessation  of  HCP  administration.  Elevated 
CSFP  in  paralyzed  anesthetized  cats  was 
quickly  lowered  by  an  average  of  2S6  mm 
by  slow  iv  administration  of  30%  urea  (2  g/ 
kg  in  10%  invert  sugar).  Unanesthetized 
cats  similarly  paralyzed  were  able  to  stand 
and  walk  for  up  to  4  hr  after  this  treatment. 
Neither  acetazolamide  nor  prednisolone 
alone  had  any  effect,  nor  did  coadministra- 
tion with  urea  enhance  the  effect  of  urea. 
The  HCP  lesion  does  not  appear  to  be  in- 
flammatory in  origin,  nor  does  it  seem  to 
involve  ventricular  obstruction  or  overprod- 
uction of  cerebrospinal  fluid.  The  reappear- 
ance of  paralysis  about  4  hr  after  osmotic 
diuresis,  which  corresponds  with  the  elimi- 
nation of  urea,  suggests  that  prolonged  iv 
infusion  with  urea  or  a  similar  osmotically 
active  substance  may  have  significant  clini- 
cal value  in  the  management  of  HCP  poi- 
soning. 
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We  first  noted  activation  by  high  concen- 
trations of  ammonium  sulfate  of  phosphodi- 
esterase(s)  found  in  crude  and  partially  puri- 
fied extracts  of  larvae  of  the  European  corn 
borer,  Ostrinia  nubilalis  (Hiibner),  after  the 
ammonium  sulfate  precipitation  step  when 
we  attempted  to  purify  cyclic  adenosine 
monophosphatase  (c-AMP-ase),  phospho- 
monoesterase,  and  phosphodiesterase  by 
the  method  of  Robison  (1).  Although  nei- 
ther the  ammonium  nor  the  sulfate  ions  are 
of  major  importance  in  the  activation  of 
many  enzymes,  several  workers  have  re- 
ported that  ammonium  ion  enhances  the 
activity  of  )3-D-galactosidase  (2)  and  the 
deamination  of  L-serine  by  the  )3-subunit  of 
tryptophane  synthetase  (3).  Also,  the  am- 
monium ion  activates  lactose  hydrolysis  (4), 
AMP-aminohydrolase  (5),  and  i>)3-lysine 
mutase  (6).  Moreover,  in  the  absence  of 
potassium  ions,  )3-lysine  mutase  is  activated 
by  ammonium  ions;  if  potassium  ions  are 
present,  the  activity  is  inhibited  (6).  Ammo- 
nium ions  can  substitute  for  one  subunit  of 
tryptophane  synthetase  from  Escherichia 
coll  (7),  and  nucleoplasmin,  divalent  man- 
ganese ions,  and  ammonium  sulfate  to- 
gether activate  RNA  polymerases  derived 
from  eukaryotic  nuclei  (8-13).  Kasten- 
schmidt  el  al.  (14)  demonstrated  activation 
of  phosphorylase  b  from  rabbit  skeletal 
muscle  by  AMP.  This  activation  was  en- 
hanced by  sulfate  and  fluoride  ions  when  the 
reaction  mixture  was  made  up  in  glycylgly- 
cinc.  They  suggested  that  sulfate  ion  en- 
hanced the  interaction  of  AMP  with  phos- 
phorylase. Appleman  found  that  inactive 
phosphorylase  from  liver  is  not  activated  by 
AMP  unless  a  salt  solution  such  as  sodium 
sulfate  is  added  (15).  Sulfate  ions  also  acti- 
vate sulfatases  (16). 

Since  one  goal  of  our  work  is  to  determine 
differences  in  metabolism  between  insect 
tissues  and  other  invertebrate  and  mammal 


tissues,  in  the  present  study  we  determined 
phosphodiesterase  levels  in  at  least  one 
other  arthropod  (the  crayfish),  in  two  ru- 
minants, and  in  a  rat.  We  believe  that  ours  is 
the  first  report  describing  activation  by  am- 
monium sulfate  of  phosphodiesterase(s) 
prepared  from  insect  tissue. 

Materials  and  methods.  The  European 
com  borer  larvae  used  in  the  study  were 
supplied  by  the  European  Com  Borer  Labo- 
ratory, ARS,  USDA,  Ankeney,  Iowa.  The 
insects  were  maintained  in  our  laboratory  as 
described  by  Odesserera/.  (17).  The  aduh 
bovine  brain  and  liver  were  supplied  by 
Richard  W.  Miller  of  our  laboratory,  the 
yearling  ovine  liver,  kidney,  and  brain  tissue 
by  the  Ruminant  Nutrition  Laboratory,  the 
rat  livers  from  the  Carbohydrate  Laboratory 
and  3-in.  Louisiana  crayfish,  Cambarus  sp., 
by  the  Pesticide  Degradation  Laboratory 
(all  Beltsville  Agricultural  Research  Center, 
USDA,  Beltsville,  Md.) 

The  phosphodiesterase  and  phosphomon- 
oesterase  were  assayed  as  described  by 
Odesser  et  al.  (17)  except  that  phenylthio- 
urea,  which  prevents  browning  of  insect  ex- 
tracts, was  omitted  from  the  extraction 
fluid.  When  ammonium  sulfate  was  tested, 
it  was  added  directly  to  the  incubation  tubes 
before  the  L4  ml  of  bis-Tris-MgCl2  was 
added.  All  tubes  were  centrifuged  at  25,000 
rpm  for  30  min  before  colorimetric  determi- 
nation. All  reagents  were  C.P.  grade  or  bet- 
ter. 

Results  and  discussion.  Figure  1  shows  the 
effect  of  the  ammonium  sulfate  concentra- 
tion on  hydrolysis  of  bis(p-nitrophenyl) 
phosphate .  Maximum  phosphodiesterase 
activity  was  obtained  when  the  reaction  mix- 
ture was  30%  saturated  with  respect  to  am- 
monium sulfate  as  illustrated  in  Fig.  1 .  Pre- 
cipitation of  diesterase  was  a  major  factor  in 
the  observed  decrease  of  enzyme  activity 
above  30%  saturation  since  ammonium  sul- 
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Fig.  1 .  Activation  of  crude  phosphodiesterase 
preparation  by  ammonium  sulfate.  Reaction  vessel 
contains,  in  addition  to  ammonium  sulfate  as  indicated, 
0.6  ml  of  enzyme  preparation  containing  15-18  mg  of 
tissue  (wet  wt)  in  sucrose  (0.25  Af);  phenylthiourea 
(0.1  saturation);  bis(p-nitrophenyl)  phosphate  (6 
/xmole  in  0.6  ml  of  Tris  [(hydroxymethyl)amino]- 
methane  buffer  (Tris);  0.2  M,  pH  8.4);  0.6  ml  of  Tris 
buffer  (0.2  Af ,  pH  8.4);  0.2  ml  of  MgClj  (1  Af).  D, 
Trial  1 ;  A,  Trial  2;  O.  average  of  two  trials. 


fate  is  used  to  precipitate  phosphodiesterase 
during  purification  of  the  enzyme  (1). 

The  reason  for  the  400-fold  activation  of 
phosphodiesterase  could  possibly  be  one  or 
more  of  the  following: 

1 .  Precipitation  of  magnesium  ammo- 
nium phosphate  could  drive  the  reaction 
as  follows:  [a]  bis(p-nitrophenyl)  phos- 
phate—»p-nitriphenyl  phosphate  -I-  p-nitro- 
phenol;  [b]^-nitrophenyl  phosphate  -^  P/  + 
p-nitrophenol;  [c]  P,  -I-  Mg^^  ^  nH4^  -> 
magnesium  ammonium  phosphate. 

2.  Precipitation  of  a  high  molecular 
weight  inhibitor. 

3.  Action  as  a  cation  and  anion  activator 
of  the  enzyme. 

4.  Alteration  of  the  tertiary  or  quater- 
nary structure  of  the  enzyme  so  that  a  more 
active  form  was  obtained. 

5.  Action  resulting  from  some  combina- 
tion of  the  preceding  possibilities. 

The  results  of  a  test  of  the  first  possibility 
were  negative.  Addition  of  magnesium  chlo- 
ride made  no  difference  in  the  activation  by 
ammonium  sulfate;  with  magnesium  present 


activity  was  47.8  /Ltmoles  nitrophenol  re- 
leased, and  with  magnesium  absent  activity 
was  49.8  /Ltmoles  nitrophenol  released  in  a 
whole  homogenate;  in  a  105 ,000  g  superna- 
tant values  with  and  without  magnesium 
were,  respectively,  9.0  and  10.1  /Ltmoles  lib- 
erated. 

A  decrease  in  magnesium  concentration 
should  have  resulted  in  a  decrease  in  dies- 
terase  activity.  Also,  the  addition  of  ammo- 
nium sulfate  should  have  resulted  in  in- 
creased monoesterase  activity,  since  it  is  this 
reaction  which  generates  the  inorganic 
phosphate  ion  (see  Eq.  [b]).  In  two  trials 
phosphomonoesterase  activity  was  inhibited 
by  ammonium  sulfate  (30%  satd.);  from 
13.1  to  8.6  and  13.9  to  11.0  /Ltmoles  nitro- 
phenol liberated/g  wet  wt  corresponding  to 
35  and  21%  inhibition,  respectively. 

Another  test  was  made  to  determine 
whether  a  permanent  change  occurred  in 
the  configuration  of  the  enzyme  or  whether 
an  inhibitor  was  precipitated.  Thus  we 
added  ammonium  sulfate  to  the  larval  ex- 
tract at  30%  saturation,  centrifuged  half  the 
mixture  at  5000  g  for  20  min  at  room  tem- 
perature and  held  the  other  half  at  room 
temperature  for  the  same  length  of  time. 
Both  samples  were  then  dialyzed  at  40° 
overnight  against  the  homogenizing  fluid 
(sucrose,  0.25  M)  which  in  this  case  was  0.1 
saturated  with  phenylthiourea.  After  di- 
alysis the  diesterase  activity  of  each  sample 
was  determined.  The  activities  of  the  two 
samples  were  not  different  from  each  other 
nor  were  they  different  from  the  activity  of 
untreated  homogenates.  We  therefore  con- 
cluded that  an  inhibitor  had  not  been  pre- 
cipitated and  that  no  permanent  change  had 
occurred  in  the  configuration  of  the  enzyme. 
Figure  2  shows  that  another  ammonium 
salt,  ammonium  chloride  and  another  sul- 
fate, sodium  sulfate,  did  activate  the  en- 
zyme although  not  to  the  same  extent  as 
ammonium  sulfate.  These  data  suggest  that 
ammonium  and  sulfate  together  are  more 
effective  than  either  ion  alone  in  activating 
the  enzyme. 

The  possibility  that  activation  might  have 
been  the  result  of  increased  salt  concentra- 
tion was  tested.  The  ionic  strength  of  10% 
sodium  sulfate  is  2.10;  the  ionic  strength  of 
30%  saturated  ammonium  sulfate  is  4.05. 
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The  ionic  strength  of  30%  ammonium  chlo- 
ride was  6.  These  concentrations  had  been 
chosen  on  a  somewhat  arbitrary  basis;  for 
example,  proteins  are  more  readily  precipi- 
tated in  sodium  sulfate  than  in  ammonium 
sulfate  and  this  had  been  considered  in  de- 
signing the  tests.  A  test  to  determine  the 
effects  of  sodium  chloride  and  ammonium 
sulfate  on  enzyme  activity  when  ionic 
strengths  were  approximately  equivalent  is 
illustrated  in  Table  III.  Here  the  salt  effects 
of  NaCI  appear  to  increase  activity  about 
50%,  similar  to  effects  obtained  with  am- 
monium chloride,  i.e.,  about  50%.  The  ef- 
fect was  distinctly  less  than  the  effect  ob- 
served in  ammonium  sulfate  in  which  activ- 
ity was  increased  either  248  or  463%,  de- 
pending upon  the  concentration. 
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( 

nv 
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go 
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Fig.  2.  Activation  and  inhibition  of  phosphodies- 
terase by  inorganic  salts  and  by  urea.  The  reaction 
mixture  consisted  of  0.6  ml  of  enzyme  preparation 
containing  15-18  mg  of  tissue  (wet  wt)  bis(p-nitro- 
phenyl)  phosphate  6  ^mole  in  0.6  ml  of  Tris  (0.2  Af), 
pH  8.4,  0.6  ml  of  Tris  (0.2  Af),  pH  8.4,  0.2  ml  of 
MgClj  (1  M).  Concentration  of  additives  in  reaction 
mixture:  (NH4),S04,  30%  saturation;  NajSO^,  10%; 
NH4a,  30%;  urea,  8  M.  Results  with  (NH4)jS04  are 
the  average  of  11  trials  ±  SE  of  mean.  A  105,000  g 
supernatant  was  used  in  the  test  with  ammonium  chlo- 
ride. 


We  anticipated  that  8  M  urea  might  acti- 
vate the  enzyme  since  it  disrupts  tertiary 
structures.  If  high  concentrations  of  ammo- 
nium sulfate  were  required,  30%  saturation 
could  produce  alteration  in  the  tertiary  or 
quaternary  structure.  This  was  not  the  case 
as  shown  in  Fig.  2.  The  8  M  urea  solution 
inhibited  activity  67%,  probably  by  disrupt- 
ing tertiary  structure.  Since  Winstead  and 
Wold  (18)  observed  that  0.5  Af  ammonium 
sulfate  in  20%  aqueous  dioxane  inhibited 
enolase  by  causing  dissociation  into  sub- 
units,  the  activation  we  observed  could  pos- 
sibly have  depended  upon  dissociation  of 
our  enzyme  into  subunits  that  were  more 
active  than  a  larger  enzyme  molecule. 

Our  most  reasonable  explanation  of  the 
ammonium  sulfate  effect  is  that  there  was 
activation  by  both  anmfionium  and  sulfate 
ions.  However,  further  work  with  purified 
enzyme  will  be  required  to  determine 
whether  this  interpretation  is  correct. 

Subsequently  the  addition  of  ammonium 
sulfate  to  30%  saturation  was  found  to  de- 
crease the  pH  of  our  incubation  mixture  to 
7.6.  Phosphodiesterase  activity  at  pH  7.6 
and  8.4  was  not  different  in  the  crude  prepa- 
rations for  in  six  samples  run  at  each  pH 
value  the  average  activity  was  11.5  ±  5.3 
(pH  8.4)  and  11.5  ±  4.9  (pH  7.6). 

In  our  previous  paper  (17)  we  demon- 
strated that  preparations  from  insect  sources 
exhibited  phosphodiesterase  activities  quite 
different  from  the  phosphodiesterase  found 
in  snake  venoms.  The  results  shown  in  Ta- 
bles I  and  II  indicate  that  this  is  true  in  other 
species  as  well,  since  ammonium  sulfate  in- 
hibited or  did  not  affect  rather  than  acti- 
vated the  phosphodiesterase  of  all  samples 
tested  (Table  I).  Also,  Table  II  shows  that 
the  inhibitors,  caffeine  and  thiophylline.  in- 
hibited some  mammalian  phosphodiester- 


TABLE  I.  Inhibition  or  Activation  of  Phosphodiesterase  Activity  of  Homogenates  of  Selected 

Vertebrate  and  Invertebrate  Tissue  by  (NH4)aS04  at  30%  Saturation. 

p-Nitrophenol  released 


Organ 


Rat  liver  {\y 

Bovine  liver  (1) 

Bovine  kidney  ( 1 ) 

Crayfish  digestive  gland  (2) 

Whole  European  corn  borer  larvae  (2) 


/imole/g  wet  wt  + 
(NH,),SO, 


/imole/g  wet  wt 
(NH,),SO, 


Change  (%) 


"  Number  of  determinations  in  parenthesis. 


7.8 
11.4 

8.5 
37.6 

8.3 


6.8 

5.3 

7.8 

32.6 

46.8 


-13 

-54 

-8 

-13 

f463 
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BLE  II.  The  Effect  of  Caffeine  (0.008  MY  and  Theophylune  (0.008  My  on  Phosphodiesterase 
Acnvmr  of  Selected  Vertebrate  and  Invertebrate  Tissues. 


Untreated  homog- 
enate 

Percentage  difference  in  level  of  en- 
zyme activity  after  addition  to  reaction 
mixture  of: 

Organ 

p-Nitrophenol  re- 
leased (/imole/g 
wet  wt.) 

Caffeine' 

Theophylline' 

Rat  liver  (1)^ 
Bovine  liver  (1) 
Bovine  brain  (1) 
Ovine  liver  (2) 
Ovine  kidney  (2) 
Ovine  brain  (2) 
Crayfish  digestive  gland  (2) 
Crayfish  green  gland  (1) 

13.4 
33.0 

1.6 
16.6 
27.6 

1.8 
21.6 
28.6 

-4.5 

-7.6 

-25.0 

-15.8 

-11.3 

-16.8 

-4.0 

-6.3 

-15.7 
-23.1 
-39.3 
-23.6 
-46.2 
-22.3 
+  11.8 
-17.9 

inal  concentration  in  reaction  mixture. 

umber  in  parentheses  indicates  number  of  trials. 

desser  et  at.  (14)  found  51  and  60%  inhibition  by  caffeine  (0.118  M)  and  theophylline  (0.008  Af), 

lively,  of  phosphodiesterase  in  homogenates  prepared  from  fifth  instar  European  com  borer  larvae. 


TABLE  III.  Effect  Equivalent  Osmolar 

:ONCENTRATIONS  OF  NaCI  AND  (NH4)2S04  ON 

>sphodiesterase  Activitv^  IN  Homogenates  of 
European  Corn  Borer  Larvae. 


t  added 

Osmoles  of 
salt  added 

p-Nitro- 

phenol  re- 

Meased/g 

wet  wt 

(/imole) 

Increase  in 
activity  (%) 

le 

0 

8.3 

— 

:n 

1.95 

12.7 

53 

l4)tSO, 

:i 

1.95 
3.90 

28.9 
13.0 

248 
57 

i4)tS04 

3.90 

46.8 

463 

The  reaction  mixture  contained  0.6  ml  of  enzyme 
aration  containing  15-18  mg  of  tissue  (wet  wt);  bis 
trophenol)  phosphate,  6  /nmole  in  0.6  ml  of  Tris 
A#),  pH  8.4;  0.6  ml  of  Tris  (0.2  Af ),  pH  8.4;  0.2  ml 
IgCl,  (1  M).  Either  NaCl  or  (NH4)2S04  was  added 
at  final  solution  contained  1 .95  or  3.90  osm  of  the 


i  slightly,  but  the  levels  of  inhibition 
e  far  lower  than  the  51%  inhibition  (caf- 
e)  and  60%  (theophylline)  reported  for 
opean  com  borer  diesterase  (17).  Also, 
ther  arthropod,  the  crayfish,  had  dies- 
ses  that  behaved  differently  from  our 
yrme,  since  the  phosphodiesterase  of  the 
:stive  gland  (hepatopancreas)  was  acti- 
;d  by  caffeine  in  the  concentrations  used. 
3,  the  phosphodiesterase  of  the  green 
id  (antennal  gland,  renal- type  function) 
hibited  6.3%  in  the  presence  of  caffeine 
17.9%  in  the  presence  of  theophylline 
We  II).  This  suggested  that  the  phospho- 
terases  of  the  European  com  borer  were 


qualitatively  different  from  those  in  other 
species  examined  in  this  study. 

Activation  of  the  com  borer  enzyme  by 
ammonium  sulfate  may  provide  an  explana- 
tion for  an  earlier,  previously  unreported 
observation  made  in  our  laboratory.  We 
found  that  when  0.03  M  ammonium  chlo- 
ride was  injected  into  European  com  borer 
larvae,  it  caused  death,  while  topical  treat- 
ment of  pupae  of  another  species  of  Lepi- 
doptera,  the  tobacco  budworm, Heliothis  vi- 
rescens  (F.),  with  ammonium  chloride  also 
resulted  in  high  mortality.  The  toxicity 
could  be  a  result  of  activation  of  the  phos- 
phodiesterase(s)  that  attack  diphosphates  in 
vivo.  Further  studies  may  suggest  ways  in 
which  activation  of  phosphodiesterases 
could  be  used  to  manipulate  harmful  pest 
populations. 

Summary.  European  com  borer  phospho- 
diesterase is  highly  activated  by  (NH4)2S04 
and  moderately  activated  by  NH4CI  (pH 
7.6,  33**).  Vertebrate  and  crayfish  diester- 
ases,  on  the  other  hand,  are  inhibited  by 
(NH4)2S04.  It  is  likely  that  (NH4)2S04 
causes  some  configurational  change  in  the 
European  corn  borer  phosphodiesterase 
molecule  which  results  in  the  exposure  of 
more  active  sites  and  hence  greater  enzyme 
activity.  In  in  vitro  tests  caffeine  (0.008  M) 
and  theophylline  (0.008  M)  inhibit  phos- 
phodiesterase more  effectively  in  European 
com  borer  larvae  than  in  crayfish,  ovine, 
bovine,  or  rat  tissue. 
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Effect  of  Adenosine  3',5'-Monophosphate  on  Serine  Metabolism 
in  Chick  Tissues  (39354) 
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IS  research  suggest  control  mecha- 
glycine  and  serine  metabolic  en- 
ffer  for  rats  and  chicks  (1).  An 
on  for  this  species  difference  in  cell 
1  of  serine  enzymes  is  the  large 
►f  glycine  or  serine  needed  for  uric 
action  in  chicks.  Seventy-five  per- 
ein  diets  fed  to  chicks  produced 
Is  of  serum  uric  acid  and  also  in- 
ctivities  of  serine  biosynthetic  en- 
•phosphoglycerate  dehydrogenase, 
sphoserine  phosphatase,  in  chick 
*reas  activity  for  the  catabolic  en- 
rine  dehydratase,  remained  the 
ipared  to  control  chicks  (1).  This 
1  protein  diet  fed  to  rats  has  been 
increase  serine  dehydratase  activ- 
liver  and  simultaneously  decrease 
oglycerate  dehydrogenase  and 
erine  phosphatase  activities  (2,3). 
novo  synthesis  of  serine  dehydra- 
occurs  after  intraperitoneal  injec- 
cyclic  AMP  in  rats  (4).  The  in- 
enzyme  activity  is  completely 
f  Actinomycin  D  is  administered 
rior  to  the  injection  of  the  cyclic 
e.  High  protein  carbohydrate  free 
e  been  shown  to  increase  cyclic 
2ls  in  perfused  rat  liver  (5),  hence 
g  the  two  experimental  parame- 

biosynthetic  enzyme  activities  are 
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increased  in  hepatic  tissue  of  chicks  fed  crys- 
talline amino  acid  diets  supplemented  with 
2%  glycine  or  serine  compared  to  enzyme 
activities  from  chicks  fed  no  glycine  or  ser- 
ine (6).  Oral  intubation  studies  with  rats 
suggest  glycine  or  serine  play  an  important 
role  increasing  the  transport  of  cyclic  AMP 
in  liver  tissue  (7). 

The  present  investigation  was  initiated  to 
determine  the  de  novo  synthesis  of  serine 
metabolic  enzymes  in  chicks  fed  crystalline 
amino  acid  diets  with  supplemental  glycine 
and  in  chicks  given  high  doses  of  cyclic 
3 ',5 '-AMP  by  intraperitoneal  injections. 

Materials  and  methods.  One-hundred- 
day-old  broiler  chicks  were  distributed  at 
random  into  five  groups  of  20  chicks  each. 
The  chicks  were  placed  in  electrically  heated 
wire  batteries  and  fed  ad  libitum  an  amino 
acid  diet  deficient  in  glycine  and  L-serine 
(Table  I)  for  3  days.  Two  groups  of  chicks 
were  then  fed  the  basal  diet  with  2%  supple- 
mented glycine,  and  the  remaining  three 
groups  were  fed  the  basal  diet  deficient  in 
glycine  and  L-serine.  Chicks  in  group  1  were 
fed  the  diet  with  2%  supplemented  glycine 
and  were  intraperitoneally  injected  daily 
with  1  ml  of  0.9%  NaCl.  The  chicks  in 
group  2  were  fed  the  2%  glycine  supple- 
mented diet  and  were  injected  daily  with  0.5 
ml  of  Actinomycin  D  (10  /xg/ml).  The 
chicks  of  groups  3,4,  and  5  were  fed  the 
basal  diet  and  were  intraperitoneally  in- 
jected with  1  ml  of  0.9%  NaCl,  0.5  ml  of 
cyclic  3',5'-AMP  (5  mg/ml),  and  0.5  ml  of 
Actinomycin  D  (10  /xg/ml)  +  0.5  ml  of 
cyclic  3 ',5 '-AMP  (5  mg/ml),  respectively, 
for  a  5-day  period.  The  chicks  in  group  5  fed 
the  basal  diet  were  injected  intraperitone- 
ally with  Actinomycin  D,  30  min  prior  to 
the  injection  of  cyclic  3 ',5 '-AMP.  The  birds 
were  sacrificed  on  Day  8  and  livers  were 
removed  for  enzyme  determination. 

Enzyme  preparation  and  assay.   Chicks 


175 


76  by  the  Society  for  Experimental  Biology  and  Medicine 
red. 


176 


SERINE    METABOUSM    IN    CHICK 


TABLE  1.  Composition  of  Amino  Aao  Diets. 


Basal  diet 

Ingred 

ient 

g/kg 

L-Valine 

10.00 

L-Leucine 

14.00 

L-lsoleucine 

8.00 

L-Threonine 

7.00 

L-GIutamic  add 

100.00 

L-Tryptophan 

2.25 

DL-Methionine 

7.00 

L-Cystine 

3.50 

L-Phenylalanine 

7.00 

L-Tyrosine 

7.00 

L-Lysine  HCl 

14.00 

L-Arginine  •  HCl 

14.00 

L-HistidineHO 

4.50 

L- Proline 

10.00 

Com  oil 

90.00 

Antiacid" 

5.00 

Salts  mixture* 

60.00 

Cellulose^ 

30.00 

NaHCOa 

10.00 

Choline  chloride 

2.00 

Vitamin  mix^ 

5.00 

Vitamin  E  supplement  (10  mg/g) 

1.00 

Glucose  monohydrate^ 

588.75 

"  Antiacid:  3  parts  MgjSisOgand  1  part  AlCOH),. 

*  The  salt  mixture  supplied  the  following  reagent 
minerals  (g/kg  diet):  NaMo04-2H20,  0.01;  CuSO*, 
0.02;  KI,  0.05;  ZnCOj,  0.20;  FeC^HsOy,  0.40; 
MnS04  2H,0,  0.42;  KQ,  3.0;  MgS04-7H20,  5.0; 
NaCK  6.00;  Na,HP04,  7.20;  KH1PO4, 12.0;  Ca,(P04), 
13.95;  and  CaCOa,  15.00. 

''  Solka  Floe,  Brown  Company,  Berlin,  New  Hamp- 
shire. 

**  The  vitamin  mixture  supplied  the  following  vita- 
mins (mg/kg  diet):  thiamine  HCl,  100.0;  niacin, 
100.0;  riboflavin,  16.0;  D-calcium  pantothenate,  20.0; 
cyanocobalamin  (mg/g),  20.0;  pyridoxineHCI,  6.0; 
biotin.  0.6;  folic  acid,  4.0;  inositol,  100.0;  menadione 
sodium  bisulfite,  5.0;  retinyl  palmiute,  10,000  lU;  and 
cholecalciferol,  1200  ICU. 

*"  Cerelose,  Com  Products  Company.  Argo,  Illinois. 


were  sacrificed  by  cervical  dislocation  and 
livers  were  removed  and  weighed.  Liver 
tissues  were  prepared  and  assayed  for 
D-3-phosphoglycerate  dehydrogenase  (EC 
l.l.l.s),  phosphoserine  phosphatase  (E.C. 
3.1.3.3)  and  L-serine  dehydratase  as  de- 
scribed by  Fallon  et  al.  (8).  Glycerate  dehy- 
drogenase (EC  1.1.1.29)  was  determined 
by  the  method  of  Willis  and  Sallach  (9).  The 
enzyme  assay  procedures  were  each  ad- 
justed for  chick  tissue  to  allow  for  linear 
initial  velocity  studies. 

Protein  determinations  were  made  ac- 
cording to  the  method  of  Lowry  et  al.  (10) 
using  crystalline  bovine  serum  albumin  as  a 
standard. 


Results  and  discussion.  The  specific  activ- 
ity of  i>3-phosphoglycerate  dehydrogenase 
and  phosphoserine  phosphatase  was  in- 
creased in  liver  tissue  from  chicks  injected 
daily  with  3 ',5 '-AMP  above  that  of 
those  fed  the  same  basal  diet  and  injected 
with  physiological  saline  (Table  II).  The 
specific  activity  of  these  two  enzymes  was 
increased  in  liver  tissues  from  chicks  fed  the 
basal  diet  supplemented  with  2%  glycine, 
and  injected  with  0.9%  NaCl  above  that  of 
liver  tissue  from  chicks  fed  the  basal  diet 
and  injected  with  saline.  Actinomycin  D 
completely  inhibited  the  increase  in  enz>- 
matic  activity  of  i>3-phosphoglycerate  de- 
hydrogenase in  liver  tissue  from  chicks  in- 
jected with  cyclic  3',5'-AMP  or  fed  the 
basal  diet  supplemented  with  2%  glycine. 
These  data  suggest  a  de  novo  synthesis  of  d- 
3-phosphoglycerate  dehydrogenase  and 
phosphoserine  phosphatase  in  liver  tissue  of 
chicks  injected  with  cyclic  3 ',5'%- AMP  or 
fed  a  basal  amino  acid  diet  supplemented 
with  2%  glycine. 

L-Serine  dehydratase  and  glycerate  dehy- 
drogenase content  of  liver  tissue  were  not 
significantly  affected  by  the  injection  of 
cyclic  3',5'-AMP  or  the  addition  of  2%  gly- 
cine to  the  amino  acid  basal  diet  (Table  II). 

The  regulation  of  serine  biosynthetic  en- 
zymes in  chick  liver  tissue  by  cyclic  3'5'- 
AMP  is  a  reversal  of  conditions  observed  in 
mammals  (3). 

It  was  previously  mentioned  that  the  met- 
abolic enzyme,  L-serine  dehydratase  is  in- 
duced by  the  intraperitoneal  injections  of 
cyclic  3 ',5 '-AMP  in  rats.  It  is  possible  that 
cyclic  3 ',5 '-AMP  is  the  regulator  of  serine 
catabolism  in  rats  and  serine  synthesis  in 
chicks.  The  possible  difference  in  enzyme 
regulation  in  liver  tissue  by  cyclic  3',5'- 
AMP  may  be  due  to  the  essential  nature  of 
glycine  or  L-serine  for  the  chick.  The  de 
novo  synthesis  of  serine  biosynthetic  en- 
zymes in  hver  tissue  from  chicks  fed  a  basal 
amino  acid  diet  supplemented  with  2%  gly- 
cine may  be  due  to  the  availability  of  cyclic 
3 ',5 '-AMP  to  the  hepatic  tissue. 

Summary.  The  effect  of  cyclic  3',5'-AMP 
and  supplemental  dietary  glycine  upon  de 
novo  synthesis  of  serine  metabolic  enzymes 
in  chick  livers  were  examined.  Chicks  fed 
crystalline  amino  acid  diets  containing  2% 
glycine  had  approximately  twofold  the  activ- 
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ABLE  II.  The  Effect  of  Cyclic  3',5'-AMP  and  Actinomycin  D  on  d-3-Phosphoglycerate 
Dehydrogenase,  Phosphoserine  Phosphatase,  Glycerate  Dehydrogenase,  and  l-Serine 
ehydratase  AcnviTir  in  Liver  of  Chicks  Fed  Various  Proportions  of  Glyctne  for  5  Days. 

Specific  activity" 


Daily  treatment 


D-3-PGD* 

m/x  Moles 
NAD/mg  pro- 
tein/hr  x  IQ-^ 


PF 


PGD^ 


s-iy 


nxfi  Moles  Pi/ 

mg  protein/ 

hour 


m/x  Moles 
NADH/mg 
protein/hour 


nxfj.  Moles 

NAD/mg  pro- 

tein/hour 


+  2% 

le 

le 


1  ml  0.9%  NaCl 
1  ml  0.9%  NaCl 


13.8  ±  0.3c 
25.4  ±  0.4a 


67  ±  7b 
130  ±  9a 


2%       5  fig  Actinomycin  D  14.3  ±  0.3c  75  ±  5b 

2.5  mg  of  cyclic  AMP  23.5  ±  0.5b  123  ±  10a 

5  fjLg  Actinomycin  D  +  13.3  ±  0.4c  63  ±  6b 
2.5  mg  cyclic  AMP 


304  ±  23a 
326  ±  21a 

312  ±  17a 


70  ±  4a 
69  ±  5a 

69  ±  6a 


309 
291 


18a  71  ±  6a 

14a  68  ±  4a 


ms  of  three  observations/group  ±  SEM.  Each  observation  consisted  of  tissue  samples  from  five  chicks, 
ath  a  common  lettered  subscript  in  a  vertical  row  are  not  statistically  different  (P  <  0.05). 
Phodphoglycerate  dehydrogenase  (EC  1 . 1 . 1  .s). 
sphoserine  phosphatase  (EC  3.1.3.3). 
lycerate  dehydrogenase  (EC  1.1.1.29). 
ne  dehydratase  (EC  4.2.1.13). 


iver  for  3-phosphoglycerate  dehydro- 
and  phosphoserine  phosphatase 
red  to  liver  tissue  from  chicks  fed 
icking  in  dietary  glycine.  Chicks  sub- 
to  daily  intraperitoneal  injections  of 
3',5'-AMP  and  fed  diets  containing 
tary  glycine  contained  biosynthetic 
e  activity  similar  to  glycine-fed  chicks 
ting  a  correlation  between  glycine 
clic  AMP  for  serine  enzyme  induc- 
Tie  elevated  enzyme  activity  in  liver 
ks  fed  dietary  glycine  or  injected  with 
\MP  was  inhibited  when  chicks  were 
jected  with  Actinomycin  D  indicating 
9  synthesis  of  3-phosphoglycerate  de- 
;enase  and  phosphoserine  phospha- 
)ietary  glycine  or  cyclic  AMP,  how- 
id  not  change  serine  dehydratase  and 
te  dehydrogenase  activities  in  chick 
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We  have  previously  shown  (1,  2)  that 
isolated  segments  of  anterior  tibial  arteries 
of  the  dog  underwent  marked  decreases  in 
diameter  when  stimulated  via  their  sympa- 
thetic innervation.  The  purpose  of  the  pres- 
ent study  was  to  determine  if  appreciable 
changes  in  longitudinal  tension  occurred  in 
these  vessels  during  vasoconstrictor  re- 
sponses. If  longitudinal  tension  is  increased 
during  vasoconstrictor  responses,  apprecia- 
ble changes  in  the  architecture  of  the  vascu- 
lar bed  could  occur.  Data  on  longitudinal 
tension  changes  occurring  during  vasocon- 
striction could  also  provide  further  insight 
into  vascular  smooth  muscle  mechanics. 

Methods.  Experiments  were  conducted 
on  normally  tethered  and  normally  inner- 
vated anterior  tibial  artery  segments  of 
dogs.  They  were  pre  medicated  with  mor- 
phine (3-5  mg/kg)  anesthetized  with  sodium 
pentobarbital  (20  mg/kg)  and  heparinized  at 
5  mg/kg.  Arterial  segments  were  isolated 
from  the  remainder  of  the  limb  vasculature 
by  inserting  nylon  catheters  upstream  and 
downstream  in  the  vessel  and  advancing  the 
catheters  until  their  tips  were  approximately 
1  cm  apart.  This  procedure  produced  a 
length  of  anterior  tibial  artery  which  was 
free  of  collateral  channels  except  for  vasa 
vasorum. 

Segments  were  perfused  with  blood  from 
the  femoral  artery  of  the  contralateral  leg 
with  a  constant  output  pulsatile  pump.  Out- 
flow from  the  isolated  segment  was  returned 
to  the  femoral  vein  of  the  contralateral  limb. 
Resting  intraluminal  pressures  were  ad- 
justed by  a  variable  resistance  on  the  out- 
flow tubing.  The  perfusion  circuit  has  been 
described  in  more  detail  previously  (2). 

Arterial  segment  inflow  pressure  was  re- 
corded through  the  side  arm  of  a  plastic  T- 

'  This  work  was  supported  in  part  by  a  grant  from 
the  Florida  Heart  Association. 


tube  with  a  P23G  Statham  pressure  gauge. 
The  T-tube  was  placed  in  the  inflow  circuit 
just  upstream  from  the  nylon  catheter  and 
was  firmly  positioned  to  prevent  movement 
or  stress  from  being  exerted  on  the  vessel 
segment.  Outflow  pressures  were  recorded 
through  another  plastic  T-tube  placed  just 
distal  to  the  outflow  nylon  catheter  in  the 
outflow  circuit.  The  outflow  T-tube  was 
connected  through  a  length  of  small  wire  to 
a  Grass  FT03  force  transducer  to  record 
changes  in  axial  tension.  Springs  were  re- 
moved from  the  force  transducer  to  provide 
maximum  sensitivity.  Care  was  taken  to 
keep  the  blood  vessel  segment  at  its  original 
length. 

Vasoconstrictor  responses  were  produced 
by  stimulation  of  the  superficial  fibular 
nerve,  by  infusion  of  levarteranol  at  1-2  /xg/ 
min  into  the  inflow  circuit,  and  by  stimula- 
tion through  platinum  wire  electrodes  in- 
serted into  the  blood  stream  at  the  inflow 
and  outflow  T-tubes.  Succinylcholine  chlo- 
ride (2  mg/kg)  prevented  skeletal  muscle 
contraction  during  superficial  fibular  nerve 
stimulation.  Vasoconstrictor  responses  were 
recorded  under  constant  inflow  perfusion, 
under  constant  pressure  perfusion,  and  at 
constant  intraluminal  pressure  under  con- 
stant pressure  perfusion  when  the  outflow 
circuit  was  occluded.  Changes  in  longitudi- 
nal tension  were  also  recorded  when  intralu- 
minal pressures  were  passively  changed  by 
altering  the  outflow  resistance  under  con- 
stant inflow  perfusion. 

Under  constant  inflow  perfusion  the  en- 
tire output  from  the  constant  output  pump 
was  directed  through  the  vascular  segment. 
With  inflow  held  constant,  the  inflow  pres- 
sure and  the  pressure  drop  across  the  seg- 
ment varied  directly  with  vessel  segment  re- 
sistance. Under  constant  pressure  perfusion 
a  side  arm  containing  a  Starling  resistor  was 
opened  to  the  inflow  tubing  at  a  site  be- 
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tween  the  pump  and  the  vessel  segment.  As 
the  resistance  of  the  isolated  vessel  segment 
increased  during  vasoconstrictor  responses, 
a  greater  portion  of  the  pump  output  flowed 
through  the  parallel  circuit  containing  the 
Starling  resistor.  Thus,  small  changes  in  ves- 
sel inflow  pressure  occurred  during  vasocon- 
strictor responses  under  constant  perfusion. 
Complete  occlusion  of  the  outflow  tubing 
under  constant  pressure  perfusion  directed 
all  the  output  from  the  pump  through  the 
parallel  circuit  containing  the  Starling  resis- 
tors with  no  flow  or  pressure  change  in  the 
isolated  vessel  segment  as  it  underwent  con- 
striction. 

Results.  Figure  lA  shows  inflow  and  out- 
flow pressures  and  longitudinal  tension 
changes  of  an  isolated  segment  during  su- 
perficial fibular  nerve  stimulation  (15  Hz) 
under  constant  inflow  perfusion.  Sympa- 
thetic stimulation  produced  marked  vaso- 
constriction as  indicated  by  the  increase  in 
inflow  pressure  from  a  control  level  of  115 
to  300  mm  Hg  at  peak  response.  Outflow 
pressure,  as  would  be  expected  under  con- 
stant inflow  perfusion,  showed  no  signifi- 
cant change.  The  pressure  gradient  across 
the  segment  increased  from  15  to  200  mm 
Hg  as  a  result  of  increased  vessel  resistance. 
The  longitudinal  tension  decreased  by  ap- 
proximately 2  g. 

Figure  IB  shows  the  response  of  the  same 


preparation  to  superficial  fibular  nerve  stim- 
ulation under  constant  pressure  perfusion  at 
the  same  stimulation  parameter  as  in  Fig. 
lA.  Sympathetic  stimulation  produced  a 
small  increase  in  inflow  pressure  of  10  mm 
Hg.  Outflow  pressure  decreased  by  30  mm 
Hg,  thus  a  small  decrease  in  mean  pressure 
occurred.  A  small  decrease  in  longitudinal 
tension  during  the  stimulation  period  was 
followed  by  an  increase  during  the  recovery 
period.  Thus  a  relatively  small  change  in 
longitudinal  tension  occurred  during  vaso- 
constriction when  changes  in  intraluminal 
pressure  were  small. 

Figure  2A  illustrates  the  effect  on  longitu- 
dinal tension  of  passively  increasing  intralu- 
minal pressure  by  partially  occluding  the 
outflow  tubing  under  constant  inflow  perfu- 
sion. The  increased  intraluminal  pressure 
produced  a  passive  dilation  of  the  vessel 
segment  as  indicated  by  the  decreased  dif- 
ference between  inflow  and  outflow  pres- 
sures, longitudinal  tension  decreased  mark- 
edly with  increased  intraluminal  pressure. 

Figure  2B  shows  the  response  of  the  same 
segment  to  superficial  fibular  nerve  stimula- 
tion under  constant  pressure  perfusion,  with 
the  outflow  tubing  occluded  to  prevent  any 
change  in  intraluminal  pressure.  Sympa- 
thetic stimulation  then  produced  insignifi- 
cant changes  in  longitudinal  tension,  al- 
though the  diameter  of  the  vessel  was  pre- 
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Fig.  I.  Panel  A  shows  response  to  superficial  fibular  nerve  stimulation  at  IS  Hz,  under  constant  inflow 
perfusion.  Panel  B  shows  response  to  same  stimulus,  under  constant  pressure  perfusion.  P,  and  Po  represent  inflow 
and  outflow  pressures,  respectively.  T  represents  changes  longitudinal  tension. 
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Fig.  2.  Panel  A  shows  response  to  partial  occlusion  of  the  outflow  tubing  under  constant  inflow  perfusion. 
Tracings  are  arranged  as  in  Fig.  1 .  Panel  B  shows  response  to  superficial  fibular  nerve  stimulation  under  constant 
intraluminal  pressure.  Constant  intraluminal  pressure  was  achieved  by  completely  ocduding  outflow  tubing  under 
constant  pressure  perfusion. 


sumably  decreased  as  in  the  previous  con- 
strictor responses. 

Five  of  the  seven  animals  exhibited  re- 
sponses similar  to  those  described  for  Figs.  1 
and  2.  The  remaining  two  animals  showed  a 
greater  tendency  toward  increased  longitu- 
dinal tension  during  vasoconstrictor  re- 
sponses as  shown  by  increases  in  longitudi- 
nal tension  during  constrictor  responses  un- 
der constant  inflow  and  constant  pressure 
perfusion.  Changes  in  longitudinal  tension 
of  arterial  segments  from  each  animal  to 
sympathetic  stimuli,  infusions  of  levarte- 
renoK  and  increases  in  intraluminal  pressure 
are  shown  in  Table  I.  The  mean  of  re- 
sponses to  each  procedure  for  each  animal 
are  shown.  Tension  changes  are  expressed 
in  grams  for  each  procedure  except  for  the 
increases  in  intraluminal  pressure  where  di- 
rectional changes  were  indicated.  As  will  be 
described  in  the  Discussion,  these  differ- 
ences in  response  may  depend  on  variations 
in  orientation  of  smooth  muscle  elements  in 
individual  arteries.  Similar  changes  in  longi- 
tudinal tension  as  described  for  those  ob- 
tained in  response  to  superficial  fibular 
nerve  stimulation  were  obtained  during  in- 
fusions of  levarteranol  and  during  stimula- 
tion via  electrodes  in  T-tubes  upstream  and 
downstream  from  the  vessel. 

Discussion.   Relatively  small  changes  in 


longitudinal  tension  occurred  during  vaso- 
constriction responses  of  arterial  segments. 
Tension  changes  were  in  some  cases  positive 
and  in  other  cases  negative.  Tension 
changes  appeared  to  be  the  result  primarily 
of  changes  in  intraluminal  pressure.  The  im- 
portance of  intraluminal  pressure  changes 
was  indicated  by  the  relatively  large  de- 
creases in  longitudinal  tension  produced  by 
passively  increasing  intraluminal  pressure, 
and  by  the  fact  that  during  vasoconstrictor 
responses  longitudinal  tension  changes  var- 
ied with  the  magnitude  of  the  intraluminal 
pressure  change.  During  vasoconstrictor  re- 
sponses under  constant  inflow  perfusion, 
with  elevated  intraluminal  pressures,  longi- 
tudinal tensions  usually  decreased.  Under 
constant  pressure  i>erfusion  and  when  intra- 
luminal pressure  was  held  constant,  small 
changes  in  longitudinal  tension  occurred. 

The  results  of  the  present  study  are  sub- 
stantiated by  previous  comparisons  of  cir- 
cumferential and  longitudinal  stress  rela- 
tionships of  blood  vessels.  Little  informa- 
tion has,  however,  been  available  on  longi- 
tudinal tension  or  length  changes  occurring 
during  vasomotor  responses.  Most  informa- 
tion applicable  to  this  problem  comes  from 
comparisons  of  distensibility  characteristics 
of  relaxed  and  constricted  blood  vessels  in« 
vitro  preparations.  Dobrin  and  Doyle  (3, 4) 
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TABLE  I.  Longitudinal  Tension  Changes  of  Anterior  Tibial  Artery  Segments. 


Sympathetic  stimulation" 

Levarterenol  infusion'' 

Increased 
nal  pr 

intralumi- 
essure 

Tension 

Number 

Tension 

Number 

Tension 

Number 

Doe 
number 

Perfusion 

change  in 

of  times 

Perfusion 

change  in 

of  times 

change  in 

of  times 

method^ 

grams^ 

studied 

method 

grams 

studied 

grams 

studied 

1 

CIP 

-2.3 

3 

CIP 

2.5 

3 

2 

CIP 
CPP 

-1.4 
0 

2 
3 

— 

3 

3 

CIP 
CPP 

+0.6 
+0.3 

5 
2 

CIP 

+          0.9 

1 

— 

1 

4 

CIP 
CPP 

-1.4 
0 

1 
3 

— 

1 

5 

CIP 
CPP 

-0.9 
-0.3 

2 
3 

— 

1 

6 

CIP 

+  1.3 

1 

CIP 

+          1.8 

1 

— 

1 

-0.7 

1 

CPP 

+          1.8 

2 

CPP 

+0.4 
-0.6 

1 
2 

7 

CIP 

-0.7 

3 

CIP 

0.5 

2 

— 

1 

CPP 

-1.0 

2 

CPP 

0.3 

3 

*■  Produced  by  stimulation  of  the  superficial  fibular  nerve  or  by  electrodes  inserted  into  blood  stream  as 
described  in  text. 

*  Levarterenol  infused  into  inflow  circuit  at  rate  of  1-2  pig/min. 

''CIP  denotes  constant  inflow  perfusion;  CPP  denotes  constant  pressure  perfusion. 

^  {-)  denotes  decreased  longitudinal  tension;  (+)  denotes  increased  longitudinal  tension;  and  (0)  denotes 
negligible  change  in  longitudinal  tension.  Values  represent  mean  for  that  animal. 


from  Studies  on  excised  dog  carotid  arteries 
reported  that  activation  of  smooth  muscle 
elements  did  not  significantly  alter  the  longi- 
tudinal elastic  modulus.  They  reported  that 
total  longitudinal  stress  could  be  calculated 
as  the  sum  of  two  components.  One  was  the 
longitudinal  stress  due  to  pressure.  The 
other  was  attributed  to  longitudinally  ap- 
plied traction.  Vonderlage  (5)  from  studies 
on  strips  cut  at  different  angles  from  abdom- 
inal aorta  of  rabbits  reported  that  distensi- 
bility  characterisitics  of  strips  cut  parallel  to 
the  longitudinal  axis  were  changed  little 
after  treatment  with  arterenol. 

In  our  experiments  both  the  circumfer- 
ence and  length  of  vessels  were  increased  by 
passive  increases  in  intraluminal  pressure. 
Appreciable  increases  in  circumference 
were  indicated  by  the  decreased  difference 
between  inflow  and  outflow  pressures  under 
constant  inflow  as  intraluminal  pressure  was 
passively  elevated.  Increased  vessel  length 
was  indicated  by  the  abrupt  fall  in  longitudi- 
nal tension  with  increased  intraluminal  pres- 
sure. Previous  studies  also  substantiate 
these  findings.  Dobrin  and  Rovick  (6)  and 
Bergel  (7)  showed  that  circumferential 
strains  over  physiological  pressure  ranges 
could  produce  increases  of  approximately 


100%  in  vessel  radius.  Although  the  prob- 
lem seems  to  be  still  unresolved  as  to 
whether  or  not  arterial  vessel  walls  are  ex- 
actly isotropic  (4,  7,  8)  these  studies  indi- 
cate that  increases  in  intraluminal  pressures 
produce  increases  in  length  as  well  as  in 
circumference  (9). 

Little  information  is  available  on  morpho- 
logical changes  of  vascular  smooth  muscle 
elements  during  contraction.  If  smooth  mus- 
cle elements  were  arranged  in  helical  coils 
around  the  circumference  of  the  vessel, 
shortening  should  produce  a  tension  vector 
parallel  to  the  long  axis  of  the  vessel  with  a 
resultant  increase  in  longitudinal  tension. 
On  the  other  hand,  circumferentially  ori- 
ented smooth  muscle  elements  may  increase 
their  width  during  shortening  with  resultant 
increase  in  thickness  and  a  decrease  in  longi- 
tudinal tension.  It  has  been  reported  that 
vascular  smooth  muscle  is  arranged  in  a 
more  helical  fashion  in  central  large  arteries 
and  in  a  more  radial  fashion  in  smaller  pe- 
ripheral vessels  (10).  Differences  in  ar- 
rangement of  smooth  muscle  elements  from 
animal  to  animal  may  thus  account  for  the 
difference  in  longitudinal  tension  develop- 
ing during  constrictor  responses  in  these 
studies. 
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Summary.  Longitudinal  tensions  were  re- 
corded from  in  situ  isolated  segments  of  dog 
anterior  tibial  arteries  during  vasoconstric- 
tor responses.  Two  factors  appeared  to  be 
responsible  for  longitudinal  tensions  occur- 
ring during  vasoconstrictor  responses.  One 
was  due  to  changes  in  intraluminal  pressure 
and  appeared  to  be  the  dominant  factor. 
Increases  in  intraluminal  pressures  pro- 
duced decreases  in  longitudinal  tensions,  in- 
dicating that  the  vessel  segments  were  elon- 
gated. Thus,  increases  in  intraluminal  pres- 
sure passively  stretched  the  blood  vessel 
walls  so  that  increases  in  both  the  circumfer- 
ential and  longitudinal  axes  of  the  vessel 
segment  occurred.  These  findings  agree 
with  similar  findings  reported  earlier  (4,  7, 
8).  The  other  factor  was  apparently  due  to 
changes  in  longitudinal  tension  produced  by 
vascular  smooth  muscle  contraction.  In 
some  cases  longitudinal  tension  changes 
were  positive,  in  others  they  were  negative. 
Increases  in  longitudinal  tension  were  prob- 
ably the  result  of  contractions  of  helical 
smooth  muscle  elements.  Decreases  in  ten- 
sion may  have  been  due  to  displacement  of 


tissue  parallel  to  the  long  axis  of  the  vessel 
as  smooth  muscle  elements  contracted. 

The  author  wishes  to  express  his  sincere  gratitude  lo 
Ms.  Suzanne  Mras  for  her  skilled  technical  assistance. 

1 .  Davis,  D.  L.,  and  Dow,  P.,  Amer.  J.  Physiol.  222, 
415  (1972). 

2.  Davis,  D.  L.,  and  Baker,  C.  H.,  Amer.  J.  Physiol. 
227,  1149(1974). 

3.  Dobrin,  P.  B.,  and  Doyle,  J.  M.,  Circulation  Res. 
27,  105(1970). 

4.  Doyle,  J.  M.,  and  Dobrin,  P.  B.,  Microvasc.  Res. 
3,400(1971). 

5.  Vonderlage,  M.,  Pflugers.  Archiv.  30,  320 
(1968). 

6.  Dobrin.  P.  B.,  and  Rovick,  A.  A.,  Amer.  J.  Phys- 
iol. 217,  1644  (1969). 

7.  Bergel,  D.  H.,  J.  Physiol.  156,  445  (1961). 

8.  Patel,  D.  J.,  and  Fry,  D.  L.,  Circulation  Res.  24, 1 
(1969). 

9.  Fenn,  W.  O.,  in  "Tissue  Elasticity"  (J.  W.  Rem- 
ington, Ed.),  p.  154.  Am.  Physiol.  Soc.,  Wash- 
ington, D.C.  (1957). 

10.  Rhodin,  J.  A.  G.,  Physiol.  Rev.  42,  Suppl.  5,42 
(1962). 

Received  May  23,  1975.  P.S.E.B.M.  1976,  Vol.  152. 


t  or  THE  SfXlETY  POI  EXPEMMENTAL  BIOLOGY  AND  MEDICINE  152,  183-185    (1976) 


Adjuvant  Arthritis  in  T  Lymphocyte  Depleted  Rats*  (39356) 

HOLLINGSWORTH,  DIANE  S.  GREENBERG^,  and  MARTHA  DAWSON' 

epartment  of  Medicine,  University  of  Kentucky  College  of  Medicine,  Lexington,  Kentucky  40506 


ivant  arthritis  in  rats,  induced  by  in- 
of  oil  and  tubercle  bacilli,  is  me- 
through  lymphoid  cells.  Passive 
r  into  syngenic  recipients  of  cells 
mph  nodes  of  rats  with  adjuvant  dis- 
ansferred  the  disease  (1,  2).  Simi- 
ransfer  of  the  disease  followed  infu- 
thoracic  duct  lymphocytes  from  sen- 
donors  (3).  From  these  observations, 
led  likely  that  the  T  lymphocyte  was 
Dortant  cell  in  induction  of  adjuvant 
s,  and  the  disease  has  been  consid- 
\  some  type  of  delayed  sensitivity  re- 
in which  T  cell  function  is  crucial, 
t  this  general  hypothesis,  however, 
I  finding  of  Arnason  et  al.  that  neo- 
lymectomy  markedly  suppressed  tu- 
n  skin  sensitivity  but  had  little  if  any 
>n  adjuvant  arthritis  (4).  Also,  recent 
have  indicated  definitely  that  rat 
c  duct  lymph  contains  both  T  lym- 
2S  and  long-lived  recirculating  B  cells 
Finally,  Lennon  and  Byrd  (7)  re- 
reported  adjuvant  arthritis  occurring 
ttempts  to  develop  allergic  encepha- 
itis  (EAE)  in  rats,  but  with  arthritis 
5ing  only  in  neonatally  thymecto- 
animals.  In  those  experiments,  adju- 
thritis  developed  in  rats  with  lympho- 
evidence  of  depressed  T  cell  func- 
id  poor  humoral  antibody  responses 
lin  protein  used  to  produce  EAE. 
experiments  were  designed  to  study 
It  arthritis  in  a  highly  susceptible  rat 
in  animals  made  specifically  T  cell 
It  but  with  normal  B  cells. 
rials  and  methods.  Male  and  female 
ivans  rats,  inbred  at  the  University  of 
ky  by  Dr.  Katherine  Sydnor,  were 
these  experiments,  because  studies 
laboratory  revealed  that  this  strain 
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regularly  developed  severe  adjuvant  dis- 
ease. T  lymphocytes  were  defined  by  their 
unusual  affinity  for  uptake  of  tritiated  uri- 
dine by  methods  described  in  previous  stud- 
ies from  this  laboratory  (6). 

T  depleted  rats  were  prepared  by  the 
method  of  Howard  and  colleagues  (8), 
somewhat  modified  as  described  below.  At 
age  7  or  8  days,  a  time  when  thymocytes  in 
rats  have  migrated  to  nonthymic  sites,  thy- 
mectomy was  performed  using  hypothermic 
(crushed  ice)  anesthesia,  as  described  for 
newborn  rats  (9).  The  animals  were  re- 
turned to  their  mothers  and  grew  normally. 
At  about  3  months  of  age,  blood  was  drawn 
for  T  cell  determinations  by  PH]uridine  in- 
cubation, and  1  week  later  the  rats  received 
850-rad  total  body  irradiation  from  a  cobalt- 
60  source.  Within  a  few  hours  of  otherwise 
lethal  irradiation  for  rats  of  this  age,  hema- 
topoietic cells  and  B  lymphocytes  were  re- 
populated  by  intravenous  injection  of  10^ 
viable  bone  marrow  cells  from  a  syngenic 
donor  that  had  been  depleted  of  T  lympho- 
cytes by  5  days  of  thoracic  duct  drainage. 

Blood  counts  and  [^H]uridine  studies 
were  followed  for  6  weeks  until  the  total 
lymphocyte  count  and  T  and  B  populations 
were  stable.  At  that  point,  the  left  hind  paw 
of  14  rats  was  injected  with  0.1  ml  of 
Freunds  complete  adjuvant  (3  mg  tubercle 
bacilli/ml).  Normal  Long-Evans  rats  of  the 
same  age  and  sex  (about  4i  months)  were 
injected  at  the  same  time.  Every  other  day 
thereafter,  the  animals  were  observed  for 
the  onset  of  arthritis  and  the  severity  quanti- 
tated  by  a  cumulative  severity  index  using  a 
slight  modification  of  the  scoring  technique 
described  by  Pearson  (10). 

At  the  end  of  the  experiment,  when  the 
arthritis  was  inactive,  rats  were  again  stud- 
ied for  T  and  B  lymphocytes  in  blood,  and  a 
few  animals  underwent  thoracic  duct  drain- 
age for  evaluation  of  quantitative  and  quali- 
tative changes  in  cells  of  their  thoracic  duct 
lymph. 

Results.  A.  Studies  of  the  extent  of  T  cell 


183 


1976  by  the  Society  for  Experimental  Biology  and  Medicine 
erved 


184 


ADJUVANT   ARTHRITIS    IN   T   DEPLETED    RATS 


depletion.  Unlike  neonatal  thymectomy 
which  leads  to  near  absence  of  T  cells  with 
runting  disease  and  severe  defects  in  cellular 
immune  reaction,  these  animals  were  less 
severely  depleted  and  appeared  grossly  nor- 
mal. In  Table  I  blood  small  lymphocytes  and 
total  T  and  B  cells  are  shown  for  normal 
Long-Evans  rats,  and  for  the  experimental 
group  3  months  after  thymectomy  and  be- 
fore irradiation,  at  6  weeks  after  irradiation 
and  bone  marrow  repopulation,  and  again  8 
weeks  later  at  the  end  of  the  arthritis  experi- 
ment. In  looking  closely  at  the  data  in  Table 
I,  T  cell  depletion  by  thymectomy  at  8  days 
of  age  was  only  slightly  enhanced  by  thy- 
mectomy +  irradiation  +  reconstitution 
with  T  depleted  bone  marrow.  B  cells  re- 
mained relatively  intact  in  all  groups.  At 
least  22  weeks  after  thymectomy,  irradia- 
tion, reconstitution,  and  arthritis,  T  cells 
remained  low. 

Thoracic  duct  lymph  drainage,  performed 
16  weeks  after  thymectomy,  irradiation, 
and  marrow  replacement  in  a  few  rats,  con- 
firmed the  significant  and  persistent  T  lym- 
phocyte depletion.  Total  cell  count  declined 
from  about  12,000/mm3  to  about  3000/ 
mm^,  and  percentage  T  (PHJuridine-Iabeled 
small  lymphocytes)  from  70  to  about  8% . 

B.  Severity  and  incidence  of  adjuvant  ar- 
thritis. AH  12  T-depleted  rats  and  their  10 
controls  developed  some  degree  of  arthritis, 
and  the  severity  index  is  plotted  in  Fig.  1 .  At 
all  points,  the  T-deficient  rats  had  less  se- 
vere arthritis.  Statistical  validity  was 
checked  for  the  Day  20  scores,  and  the 
differences  were  significant  (P  =  <  0.05). 

Tuberculin  sensitivity  was  checked  in  all 
rats  on  Day  14  by  intradermal  injection  of 
0.1  ml  of  P.P.D.  (720  /xg/ml)  in  saline,  and 


8/10  control  animals  and  6/12  T-depleted 
rats  reacted.  In  those  rats  who  did  develop 
tuberculin  sensitivity,  the  size  of  the  reac- 
tion 48  h  after  test  was  similar  in  both 
groups  (12  and  11  mm  erythema,  respec- 
tively). 

Discussion.  Adjuvant  arthritis  is  as 
unique  to  rats  as  rheumatoid  arthritis  is  to 
man,  and  continued  study  of  the  immuno- 
logical mechanisms  involved  in  the  rat 
model  may  prove  helpful  in  understanding 
the  human  disease.  In  this  study,  highly  sus- 
ceptible Long-Evans  rats  were  made  T  cell 
deficient  by  thymectomy  at  about  the  end  of 
the  first  week  of  life,  and  by  later  irradiation 
and  reconstitution  with  small  numbers  of 
bone  marrow  cells  from  syngenic  donors  de- 
pleted of  marrow  T  cells.  As  evidenced  by 
avid  [^H]uridine  uptake  and  radioautogra- 
phy,  a  label  quite  specific  for  T  cells  in  the 
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Fig.  1 .  Arthritis  severity  index  of  normal  and  T 
lymphocyte  depleted  Long- Evans  rats.  All  rats  in  both 
groups  (10  normal  and  12  T-depIeted)  developed  ar- 
thritis. 


TABLE  L  Lymphocyte  Status  (T  +  B  Cells)  of  Rats  at  Different  Steps  in  the  Study. 


Rat  status 


Number 


Total  small 

lymphs  per 

mm'(x  \(P) 


Total  T  per 
mm=(x  10*) 


Norma! 

Normal,  6  weeks  post  adjuvant 

Normal,  16  weeks  post  adjuvant 

Post  Tx°,  12  weeks 

Post  Tx,  6  weeks  post  irrad.*  +  recon.'^ 

Post  Tx,  irrad.  +  recon.,  6  weeks  post  adjuvant 

Post  Tx,  irrad,  +  recon.,  16  weeks  post  adjuvant 


6 
8 
6 
10 
6 
8 
6 


6  ±  0.8 

6  ±  0.9 

8  ±  1.1 

8  ±  0.5 

6  ±  0.9 

3  ±  0.5 

.7  ±  1.0 


1.3 
1.8 
1.9 
0.4 
0.2 
0.2 


0.4 

0.5 

0.7 

0.2 

0.05 

0.1 


0.3  ±  0.2 


Total  B  per 
mm»(x  lO') 


2.4  ±  0.6 
1 .6  ±  0.5 
1 .9  ±  0.5 
1 .4  ±  0.5 
1 .4  ±  0.6 
1 .2  ±  0.6 
1 .4  -  0.9 


'  Tx  =  thymectomy. 
'  irrad.  =  850  rad  irradiation, 
recon.  =  Reconstitution  with  Ur  T-depleted  marrow  cells. 
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such  rats  maintained  about  20-30% 
[lal  T  cells  during  the  7-8  months  of 
All  experimental  animals  developed 
It  arthritis,  but  with  modest  decrease 
rity  of  the  disease  when  compared  to 
rats. 

ion  and  Byrd  (7)  tumbled  onto  a  sys- 
which  T  cell  depletion  actually  en- 
adjuvant  arthritis.  Their  methods 
ifferent;  a  relatively  resistant  Lewis 
3f  rats,  slightly  different  quantity  of 
e  bacilli  in  the  adjuvant,  presence  of 
basic  protein  in  the  Freund's  adju- 
ind  booster  adjuvant  in  the  form  of 
is  vaccine.  Taken  together  with  our 
,  however,  it  is  evident  that  the  im- 
)gical  mechanisms  for  adjuvant  ar- 
are  complicated.  Paterson  (11)  has 
2d  the  role  of  adjuvants  in  allergic 
alomyelitis  (EAE),  and  also  con- 
that  mechanisms  are  much  more 
X  than  simply  a  generalized  enhance- 
)f  T  cell  function.  He  suggests  that 
adjuvants  may  work  by  enhancing 
ition  of  the  target  organ,  and  others 
arkedly  influence  different  functional 
ses  of  T  lymphocytes.  Lennon  and 
J)  conclude  that  their  results  might  be 
ed  by  immune  complexes  formed  in 
a  of  antigen  excess.  Continued  work 
noral  antibody  production  and  spe- 
lymphocyte  subpopulations  may  help 
I  the  growing  complexity  of  the 
lism  by  which  adjuvants  produce  a 
itoidlike  arthritis  specifically  in  rats. 
nary.  Markedly  T  lymphocyte  de- 
rats  were  prepared  by  thymectomy. 


irradiation,  and  repopulation  by  bone  mar- 
row hematopoietic  and  lymphoid  cells.  Such 
rats  had  persistent  T  lymphopenia  of  about 
20%  of  normal.  When  T  depleted  and  nor- 
mal rats  were  injected  with  adjuvant,  all 
animals  developed  arthritis  but  with  slightly 
less  severity  in  the  T  depleted  animals.  Such 
experiments,  and  other  observations,  sug- 
gest a  complex  immunological  mechanism  in 
the  pathogenesis  of  adjuvant  arthritis  in  the 
rat. 
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Therapeutic  Activity  of  Pretazettine,  a  Narcissus  Alkaloid  on  Rauscher  Leukemia: 
Comparison  with  Tazettine  and  Streptonigrin*  (39357) 

E.  FURUSAWA,  S.  FURUSAWA,  J.  Y.  B.  LEE,  and  S.  PATANAVANICH 

Department  of  Pharmacology ,  School  of  Medicine,  University  of  Hawaii,  Honolulu,  Hawaii  96816 


One  of  the  narcissus  alkaloids  (residual 
alkaloid  A-2)  has  been  shown  to  be  thera- 
peutically effective  against  advanced 
Rauscher  leukemia  in  mice  (1-3).  The  alka- 
loid inhibits  the  growth  of  Rauscher  virus 
(2),  a  viral  reverse  transcriptase  (4),  and 
cellular  protein  synthesis  (5).  The  alkaloid 
was  identified  as  pretazettine,  an  unstable 
free  base  (3).  We  have  now  succeeded  to 
isolate  enough  amounts  of  pretazettine  hy- 
drochloride via  the  picrate  (6).  We  now  re- 
port the  anti-Rauscher  leukemic  activity  of 
pretazettine  HCl  (PTZ)  in  comparison  with 
tazettine  (TZ)  and  streptonigrin  (SN),  one 
of  the  few  inhibitors  of  reverse  transcrip- 
tase, effective  in  vivo  against  Rauscher  leu- 
kemia in  mice  (7). 

Materials  and  methods.  Preparation  of 
agents.  The  methods  of  isolation  of  PTZ  and 
TZ  from  the  bulbs  of  Narcissus  tazetta  L 
have  been  described  (6).  The  antibiotic  SN 
was  obtained  from  Dr.  Chirigos  of  NIH. 
PTZ  and  SN  were  dissolved  in  distilled  wa- 
ter and  TZ  was  dissolved  in  water  slightly 
acidified  with  HCl  (pH  5)  before  use. 

Cell  cultures.  NIH/3T3  and  BALB/3T3 
mouse  fibroblast  cell  lines,  obtained  from 
Dr.  Aaronson  of  NIH  and  cultured  in  MEM 
medium  with  10%  fetal  calf  serum  for  sev- 
eral months  in  this  laboratory,  were  used  for 
the  in  vitro  antiviral  testing  of  the  agents. 
XC  cells,  supplied  by  Dr.  Hackett  of  Naval 
Biomed.  Res.  Lab.,  Oakland,  Calif.,  and 
kept  in  MEM  medium  with  5%  fetal  calf 
serum,  were  used  as  detectors  of  Rauscher 
virus. 

System  of  Rauscher  viral  leukemia  and 
chemotherapy.  An  inoculum  (0.2  ml)  of  a 
1:40  dilution  of  leukemic  plasma  was  in- 
jected intraperitoneally  (ip)  into  8-10- 
week-old  BALB/c  inbred  mice,  either  male 

'  Supported  by  Research  Grants  from  National  Can- 
cer Institute  (CA  12733)  and  American  Cancer  Society 
(CH-45). 


or  female.  Treatment  with  optimal  dose  of 
the  agents  was  started  subcutaneously  (sc)  2 
to  3  weeks  after  infection  when  70  to  100% 
of  the  mice  showed  clearly  palpable  spleens. 
In  some  experiments,  the  treatment  was 
started  earlier.  Agents  were  injected  every 
other  day  for  several  weeks.  The  dose  and 
the  periods  were  chosen  to  avoid  any  appar- 
ent toxicity,  as  indicated  by  general  weak- 
ness, ruffled  hair,  weak  motions,  or  marked 
loss  of  body  weight. 

In  vitro  test  for  antiviral  activity .  NIH/3T3 
or  BALB/3T3  cells,  freshly  trypsinized  and 
suspended  in  5  ml  of  culture  medium  (ca.  2 
X  10^  cells/ml)  in  Falcon  plastic  flasks  (25- 
cm  growth  area)  were  inoculated  with  0.5 
ml  of  1:10  dilution  of  leukemic  plasma  (ca. 
10*  XC  syncytial  forming  units).  The  cells 
were  inoculated  at  37*"  for  3  days  with  daily 
medium  changes;  then  various  doses  of  the 
agents  in  0.1  ml  of  distilled  water  were 
added  (on  Day  3)  and  incubated  for  2  more 
days.  The  culture  medium  was  then  col- 
lected (on  Day  5)  for  the  titration  of  virus 
yield  and  the  cultures  were  overlaid  with  5 
X  10*  XC  cells  on  5  ml  of  MEM  medium 
with  5%  calf  serum.  The  number  of  syncy- 
tial giant  cells  per  microscopic  field  under 
40  X  magnification  one  day  later  (on  Day  6) 
was  counted.  For  the  titration  of  the  virus 
yield  in  the  harvests,  NIH/3T3  cells  were 
used.  The  cells  (10^)  freshly  suspended  in 
0.5  ml  of  medium  were  inoculated  with  0.1 
ml  of  a  10-fold  dilution  of  the  harvests  and 
incubated  at  37**  for  9  days  with  medium 
changes  of  every  other  day,  then  5  x  10^ 
XC  cells  in  1  ml  were  overlaid  and  incu- 
bated 1  more  day.  The  syncytial  cells  were 
detected  by  the  modified  method  of  XC 
assay  of  Rowe  et  al.  (8).  Three  tubes  were 
used  for  each  dilution.  The  virus  titer  was 
expressed  by  a  median  tissue  culture  infec- 
tious dose  (TCID5o)/ml. 

Results.  Effect  of  pretazettine  HCl,  tazet- 
tine, and  streptonigrin  on  survival  of  mice 
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with  established  Rauscher  leukemia.  Three 
initial  experiments  with  the  purified  residual 
alkaloid,  PTZ,  have  been  performed  to  con- 
firm our  previous  experiments  (1-3)  with 
the  crude  alkaloid  fractions.  Figure  1  or  2 
shows  the  dynamic  course  of  the  leukemic 
disease  which  the  treatment  was  started  on 
the  early  (Day  7)  or  on  the  advanced  (on 
Day  25)  stage  after  the  ip  inoculation  of 
Rauscher  virus.  The  median  survival  time 
(MST)  of  the  PTZ-treated  group  was  81 
days  (controls:  41  days)  in  Fig.  1 ,  or  72  days 
(controls:  47  days)  in  Fig.  2.  That  is,  the 
continuous  administration  of  PTZ  signifi- 
cantly increased  (P  <  0.01)  the  life  span  of 
the  leukemic  mice.  As  shown  in  Fig.  3,  PTZ 
was  still  effective  against  the  leukemia 
which  was  initiated  by  the  intracerebral  in- 


oculation of  the  virus.  While  pretazettine 
(Fig.  4)  is  stable  in  acidic  pH,  it  is  unstable 
in  basic  pH  and  gradually  rearranged  to  taz- 
ettine  (Fig.  4)  (9,  10)  on  standing.  Since  it  is 
likely  that  PTZ  will  be  converted  to  TZ  in 
the  body,  it  is  of  interest  to  know  whether 
TZ  has  the  biological  potency.  It  is  also  of 
interest  to  compare  PTZ  with  streptonigrin, 
an  antibiotic  which  is  one  of  the  few  inhibi- 
tors of  viral  reverse  transcriptase,  possessing 
therapeutic  activity  against  Rauscher  viral 
leukemia  (7).  Table  I  shows  the  results  of 
six  comparative  experiments  with  TZ  and 
three  with  SN.  It  was  found  that  TZ  was  not 
significantly  active  (the  mean  prolongation 
effect  of  MST  =  22%;  P  >  0.05),  while  SN 
demonstrated  almost  the  same  activity  as 
that  of  PTZ.   Although   it  is  active,  SN 


^j^^ 

A^"*^ 


PRETAZETTINE  HCL     0.)  n«,    sc 


Day*   30  40  50 

7*— Tr*aCBi*nc:q2d  x   24  — •  49 


Fig.  1 .  Effect  of  pretazettine  HCI  on  life  span  of  established  Rauscher  leukemia:  comparison  with  tazettine. 
Treatment  was  started  on  Day  7  postinfection,  every  other  day,  continued  for  49  days  (MST  of  control:  41  days; 
PTZ:  81  days;  TZ:  49  days).  Each  16  female  mice  used. 


•    20 

.     10 


Days 


-Treatment:    q2d  x   17  - 


Fig.  2 .  Effect  of  pretazettine  HCI  on  life  span  of  advanced  Rauscher  leukemia .  Treatment  was  started  on  Day 
25  postinfection,  every  other  day,  for  56  days  (MST  of  control:  47  days;  PTZ:  72  days;  prolongation  of  MST  over 
Control:  53%).  Each  10  male  mice  used. 
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-Treat  -«.it  ;    q?d   i 


Fig.  3.  Effect  of  pretazettine  HCI  on  life  span  of 
established  Rauscher  leukemia  by  ic  route-infection. 
Treatment  was  started  7  days  after  intracerebral  inoc- 
ulation of  virus,  every  other  day,  continued  for  49  days, 
total  24  injections  (MST  of  control:  38  days;  PTZ:  51 
days;  prolongation  of  MST  over  control:  34%,  P  < 
0.05).  Each  16  female  mice  used. 


showed  unfavorable  delayed  side  effects 
such  as  local  skin-muscle  necrosis,  ruffled 
hair,  weak  motions,  and  loss  of  body  weight 
within  2  to  3  weeks,  so  further  administra- 
tion was  not  possible,  while  PTZ  adminis- 
tration could  be  continued  for  over  100  days 
(El 5)  without  apparent  toxicity.  In  El 6, 
the  mice  were  inoculated  with  a  washed  leu- 


Pretazettine  Tazettine 

Figure  4 


TABLE 

I.  Effect  of  Pretazettine  HCI  on  Survival  of  Mice  with  Established  Rauscher  Leukemu: 

Comparison  with  Tazettine  and  Streftonigrin. 

Median  sur- 

Pro- 
long, of 

wrsT 

Times  and  pe- 

vival time 

over 

Expt. 

Dose  (mg/ 

riod  of  treat- 

(MST) (day 

control 

no. 

Agent 

kg) 

ment  (days) 

and  range) 

(%) 

P 

Ell 

Control  (each  20  female) 

29  (24-46)» 

Pretazettine 

25 

10(18-37)" 

45  (31-78) 

55 

<0.01 

Tazettine 

25 

10(18-37) 

37  (23-49) 

28 

<0.05 

E12 

Control  (each  20  male) 

53  (27-74) 

55 

<0.01 

Pretazettine 

25 

10  (23-42) 

82  (32-107) 

19 

>0.05 

Tazettine 

25 

10(23-42) 

63  (30-78) 

E13 

Control  (each  20  female) 

44  (28-50) 

Pretazettine 

25 

17  (17-39) 

109(32-141) 

148 

<0.01 

Tazettine 

25 

17  (17-39) 

53  (28-62) 

25 

<0.05 

E14 

Control  (each  20  male) 

43  (29-55) 

Pretazettine 

25 

21  (19-56) 

76  (32-85) 

77 

<0.01 

Tazettine 

25 

21  (19-56) 

58  (31-62) 

35 

<0.05 

E15 

Control  (each  20  female) 

40(19-62) 

Pretazettine 

25 

56  (5-108) 

98  (40-135) 

145 

<0.01 

Tazettine 

25 

56  (5-108) 

49  (19-68) 

23 

>0.05 

E16 

Control  (each  20  female) 

29  (23-31) 

Pretazettine 

25 

20  (12-53) 

74  (30-77) 

155 

<0.01 

Tazettine 

25 

8(12-27) 

27  (23-34) 

0 

E17 

Control  (each  10  female) 

40(21-49) 

Pretazettine 

25 

7(16-30) 

61  (27-76) 

53 

<0.01 

Streptonigrin 

0.05 

7  (16-30) 

63  (30-68) 

58 

<0.01 

Streptonigrin 

0.025 

12  (16-40) 

48  (24-55) 

20 

>0.05 

E18 

Control  (each  10  female) 

44  (20-63) 

Pretazettine 

25 

10(18-37) 

69  (33-89) 

57 

<0.01 

Streptonigrin 

0.05 

10(18-37) 

67  (35-81) 

52 

<0.01 

Streptonigrin 

0.025 

14  (18-45) 

53  (32-64) 

18 

>0.05 

E19 

Control  (each  20  male) 

48  (21-78) 

Pretazettine 

25 

10(18-37) 

79  (25-92) 

65 

<0.01 

Streptonigrin 

0.05 

10(18-37) 

85  (31-89) 

77 

<0.01 

Streptonigrin 

0.025 

14  (18-45) 

60  (27-75) 

25 

<0.05 

**  Treatment  with  the  optimal  dose  of  each  agent  was  started  on  Day  18  and  continued  every  other  day  until  Day 
37,  total  10  injections.  Only  in  El 3,  five  daily  injections  per  week  were  done. 

*  Day  of  the  first  death  to  day  of  the  last  death  during  the  observation  periods  of  100-150  days. 
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c  whole  blood  (0.2  ml  of  1 :20  dilution, 
reshly  harvested,  which  contained  at 
10*  levels  of  leukemic  cells.  PTZ  was 
therapeutically  effective  against 
cher  leukemia  established  by  trans- 
ed  leukemia  cells. 

totoxicity  test  of  agents  against  NIHI 
veils.  Before  testing  the  antiviral  activ- 
f  the  agents,  the  maximum  nontoxic 
i  (MNTD)  for  the  long-term  and  short- 
cultivations  of  the  cells  were  deter- 
d.  It  was  found  that  the  cells  could  be 
nuously  passaged  at  a  slightly  reduced 
3f  growth  in  the  presence  of  PTZ  at  the 
mum  concentration  of  50  ng/ml,  TZ  at 
(5000  ng)/ml,  and  SN  at  0.5  ng/ml  of 
um.  Doses  higher  than  these  were  in- 
3ry  to  the  growth  of  cells  and  decreased 
:ell  populations  gradually,  and  finally 
I  not  maintain  the  cultures.  When  the 
of  PTZ  or  TZ  was  increased  up  to  5  or 
xg/ml,  respectively,  the  cells  which  had 
making  confluent  or  subconfluent 
flayer  became  static  within  2  days  of 
>ation,  recognized  by  reduced  acid  pro- 
on,  skinny  fibroblastic  forms,  but  still 
y  attached  to  the  wall.  The  majority  of 
ells  quickly  recovered  when  the  agents 
removed  from  the  medium  2  days 
.  When  the  dose  of  SN  was  increased  up 
)0  ng/ml,  the  cells  became  apparently 
:  within  2  days.  The  cells  were  affected 
e  agent  at  the  range  of  5  to  100  ng/ml 
)ut  morphological  changes,  but  many 
gradually  detached  from  the  wall  dur- 
he  further  incubation,  after  removing 
gent  from  the  medium.  Thus,  the  static 
s  of  the  cells  induced  by  PTZ  (0.2  to  5 
il)  or  TZ  (20  to  100  /xg/ml)  was  reversi- 
/hile  the  same  status  by  SN  (5  to  100 
I)  was  irreversible.  Any  higher  levels  of 
gents  (PTZ  10  /xg,  TZ  200  /xg,  and  SN 
ig/ml)  destroyed  the  monolayers  of  the 
and  over  50%  of  the  cells  were  de- 
d  from  the  wall  within  2  days.  After 
cing  their  cytotoxic  doses,  the  antiviral 
ity  of  these  agents  were  tested  at  var- 
doses  up  to  MNTD  for  2  days  incuba- 
te/ of  PTZ,  TZ,  and  SN  on  Rauscher 
growth  in  3T3  cells.  Table  II  shows  the 
s  using  NIH/3T3  cells  infected  with 
rus  3  days  prior  to  the  2  day-treatment 


with  the  agents.  The  virus  growth  in  the  cells 
was  directly  estimated  by  XC  cells  overlaid 
on  the  cultures  on  Day  5.  The  three  agents 
showed  clear  inhibitory  effect  on  the  growth 
of  virus  at  the  cell-static  doses.  PTZ  pos- 
sessed a  wider  effective  range  (0.5  to  5  /xg/ 
ml)  compared  with  TZ  (25  to  100  fig)  and 
SN  (50  to  100  ng).  Table  III  shows  the 
antiviral  activity  of  these  agents  at  the  opti- 
mal dose  both  in  NIH  and  BALB/3T3  cells, 
estimated  by  the  virus  titration  of  the  me- 
dium in  addition  to  the  direct  XC  overlay. 
PTZ  suppressed  the  virus  growth  2  log  be- 
low the  level  of  controls,  while  TZ  and  SN 
one  log. 

Discussion.  The  free  base  pretazettine 
(residual  alkaloid  A-3,  amorphous  powder) 
was  reported  to  be  unstable  in  water  above 
pH  7  and  gradually  rearranged  to  the  stable 
isomer  TZ  even  on  standing  at  room  tem- 
perature (9,  10).  The  hydrochloride  of  the 
pretazettine  (PTZ),  a  stable  form  in  water, 
is  now  quantitatively  prepared  by  a  modi- 

TABLE  II.  Effect  of  PTZ,  TZ,  and  SN  on 
Rauscher  Virus  Growth  in  NIH/3T3  Cells." 


Number  of  syncitial  cells 

Expt. 

Expt. 

Expt. 

Mean 

Agent  and  dose/ml 

1 

2 

3 

(%) 

Control   (no  agent) 

65 

63 

20 

100 

Pretazettine 

HCl  (Mg) 

5 

0 

0 

0 

2.5 

0 

0 

2 

1 

1.0 

2 

5 

6 

0.5 

2 

4 

6 

8 

0.25 

7 

9 

13 

0.1 

25 

9 

40 

0.05 

58 

51 

22 

102 

Tazettine  (/xg) 

100 

3 

0 

2 

50 

6 

8 

5 

13 

25 

28 

35 

49 

10 

62 

70 

18 

101 

5 

72 

68 

110 

Streptonigrin  (ng) 

100 

10 

2 

1 

9 

50 

30 

15 

35 

20 

68 

70 

19 

107 

10 

62 

59 

94 

5 

65 

25 

106 

**  Treatment  with  various  nontoxic  dose  of  each 
agent  was  started  3  days  after  the  virus  infection  and 
continued  for  2  days,  then  XC  cells  were  overlaid.  One 
day  later,  the  number  of  syncitial  giant  cells  per  a 
microscopic  field  under  40  x  magnification  was 
counted.  The  number  is  the  average  of  5  fields  counted. 
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TABLE  III.  Effect  of  PTZ,  TZ,  and  SN  on 

Rauscher  Virus  Growth  in  NIH  and  BALB/3T3 

Cells." 


Virus  yield* 
10  log 

Syncitial 
ceir  forma- 

Agent and  dose/ml 

TCIDso/ml 

tion  (%) 

NIH/3T3  cells 

Control 

5.5 

100 

PTZ  1  Mg 

3.5 

9 

TZ  50  fjLg 

4.2 

15 

SN  50  ng 

4.2 

32 

BALB/3T3 

Control 

4.5 

100 

KIZ  1  Mg 

2.2 

1 

TZ  50  fjLg 

3.5 

21 

SN  50  ng 

3.2 

19 

"  Treatment  with  the  optimal  dose  was  started  3 
days  after  infection  and  continued  for  2  days,  then  the 
medium  was  harvested  for  the  virus  titration  and  XC 
cells  were  overlaid. 

*  The  virus  yield  in  the  harvests  were  titrated  using 
NIH/3T3  cells  as  described  in  Methods. 

*"  The  number  of  syncitial  cells  per  a  microscopic 
field  (40 X)  was  counted  1  day  after  XC  overlay. 

fied  method  of  Wildman  (6)  in  this  labora- 
tory. It  was  of  interest  to  know  whether  TZ, 
a  more  stable  isomer  of  pretazettine,  is  still 
active.  It  was  found  that  TZ  was  not  signifi- 
cantly effective  against  Rauscher  leukemia 
in  mice  and  it  was  needed  at  50  to  100  times 
greater  dose  of  PTZ  to  inhibit  the  virus 
growth  in  vitro  (Tables  II  and  III),  while 
PTZ  was  therapeutically  effective  as  same  as 
residual  alkaloid  A-2  previously  reported 
(3).  At  60  Mg/ml,  PTZ  was  inhibitory 
(50%)  to  reverse  transcriptase  of  avian  my- 
eloblastosis virus  (communication  from  Dr. 
Chirigos  of  NIH)  and  we  have  confirmed 
the  inhibitory  activity  on  the  reverse  tran- 
scriptase of  Rauscher  virus  at  concentra- 
tions of  50  to  100  /xg/ml  (unpublished 
data),  while  TZ  showed  no  activity  on  the 
enzymes  of  both  viruses.  Recently,  at  10 
/ig/ml,  PTZ  has  been  found  to  inhibit  the 
cellular  protein  synthesis  without  affecting 
the  syntheses  of  DNA  and  RNA  in  KB, 
P388,  and  Ehrlich  ascites  cells  in  this  labo- 
ratory (5),  and  in  HeLa  and  Krebs  II  cells 
(communication  from  Dr.  D.  Vazques,  Inst. 
Cellular  Biology,  Madrid,  Spain)  but  TZ 
showed  no  inhibition.  Such  findings  men- 
tioned above  suggest  that  the  PTZ  is  the 
active  form  and  TZ  is  an  inert  isomer.  The 
MNTD  of  SN  for  the  long-term  cultivation 
of  NIH/3T3  cells  (0.5  ng/ml)  was  almost 


equivalent  to  the  MNTD  of  the  plating  effi- 
ciency of  cell  colony  formation  methods  re- 
ported by  other  laboratories:  0.16  to  0.33 
ng/ml  by  Price  et  al.  (11)  and  0.5  ng/ml  by 
Woods  et  al.  (12).  Although  SN  at  such  a 
low  concentration  which  did  not  suppress 
the  cell  growth  was  reported  to  inhibit  the  in 
vitro  transformation  of  high  passage  rat  em- 
bryo cells  by  3-methylcholanthrene  (3CM) 
(1 1),  it  was  not  inhibitory  to  Rauscher  virus 
growth  in  NIH/3T3  cells.  In  our  system,  at 
least  100  times  more  concentration  (50  ng/ 
ml)  of  SN  was  required  to  stop  the  on-going 
virus  growth  initiated  3  days  previously,  and 
such  a  high  concentration  of  SN  made  the 
cells  apparently  static  but  actually  irrevers- 
ibly destroyed  the  growth  viability.  On  the 
contrary,  PTZ  at  a  low  concentration  which 
was  not  inhibitory  to  cell  growth  (0.05  /utg/' 
ml)  could  not  prevent  the  transformation  of 
the  rat  cells  by  3CM  (communication  from 
Dr.  Price  of  Microbiological  Associates, 
Maryland);  however,  at  10  times  higher 
concentration  (0.5  /ig/ml)  PTZ  made  the 
cells  reversibly  static  and  was  inhibitory  to 
the  on-going  growth  of  Rauscher  virus  in 
3T3  cells. 

Summary.  The  therapeutic  activity  of  nar- 
cissus alkaloid  pretazettine  HCl  (PTZ)  on 
established  Rauscher  leukemia  has  been 
demonstrated  and  compared  with  the  iso- 
mer tazettine  (TZ)  and  an  antibiotc,  strep- 
tonigrin  (SN).  PTZ  and  SN  showed  remark- 
able prolongation  effect  on  the  life  span  of 
the  leukemic  mice  and  the  antiviral  activity 
has  been  confirmed  in  mouse  3T3  cells  in- 
fected with  Rauscher  virus.  TZ  showed  no 
significant  activity  in  the  leukemic  mice  and 
was  inhibitory  to  the  virus  growth  in  the 
cells  at  much  higher  doses  than  PTZ.  It  is 
suggested  that  the  stereochemical  rear- 
rangement from  PTZ  to  TZ  inactivates  the 
biological  activity  of  PTZ. 

We  thank  Dr.  M.  A.  Chirigos  of  NIH  for  supplying 
streptonigrin;  Dr.  S.  A.  Aaronson  of  NIH  for  supplying 
mouse  3T3  cells;  and  Dr.  A.  Hackett  of  Naval  Biomed. 
Res.  Lab.,  Calif.,  for  supplying  XC  cells. 
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Zinc  Metabolism  and  Honfieostasis  in  Rats  Fed  a  Wide  Range  of 
High  Dietary  Zinc  Levels  (39358) 
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The  essentiality  of  zinc  and  its  importance 
in  animal  and  human  nutrition  are  well 
known.  However,  many  key  aspects  of  zinc 
metabolism  and  homeostasis  remain  to  be 
established  (1).  In  studies  with  calves  (2-5), 
adding  600  ppm  supplemental  zinc  to  a 
practical  diet  drastically  increased  zinc  in 
certain  tissues,  especially  liver,  kidney,  and 
pancreas,  indicating  a  breakdown  of  zinc 
homeostasis.  With  rats  the  same  diet  did  not 
materially  affect  the  zinc  content  of  liver 
and  kidneys  suggesting  that  homeostatic 
control  mechanisms  for  zinc  are  much  more 
effective  in  this  species  than  in  calves  (6). 

In  this  study  effects  of  a  wide  range  of 
dietary  zinc  levels  (38  to  8438  ppm)  on  zinc 
and  ^^Zn  metabolism  and  homeostasis  in 
rats  were  investigated. 

Materials  and  methods.  Sixty-eight  male 
Cherokee  S-D  Albino  rats,  initially  weigh- 
ing 100-120  g  and  being  about  35  days  of 
age,  were  fed  a  practical  corn-soybean  diet 
(2)  containing  38  ppm  zinc,  or  the  same  diet 
supplemented  with  1200,  2400,  3600, 
4800,  6000,  7200,  or  8400  ppm  zinc  as 
ZnO  for  21  days.  The  rats,  maintained  indi- 
vidually in  stainless  steel  cages,  were  fed 
and  given  distilled  v^diiCT ad  libitum.  The  rats 
were  observed  routinely  throughout  the  ex- 
periment for  clinical  symptoms  of  toxicity 
such  as  skin  lesions,  diarrhea,  muscular  in- 
coordination, and  reduced  feed  intake. 

Fourteen  days  after  initiation  of  dietary 
treatments,  each  rat  was  anesthetized  and 
given  by  gavage  an  oral  tracer  dose  of  29.8 
/iCi  ^^''ZnClz  in  acetate  buffer  (pH  4.7,  sp  act 
of  4.25  mCi/mg  Zn).  Total  fecal  collections 
were  made  for  7  days  after  dosing,  at  which 
time  the  rats  were  anesthetized  with  diethyl 
ether  and  sacrificed  by  exsanguination. 
Blood,  heart,  liver,  kidneys,  round  muscle, 
and  tibia  samples  were  taken. 

Zinc  in  feed,  feces,  and  tissues  was  deter- 
mined by  atomic  absorption  spectroscopy. 


after  nitric-perchloric-sulfuric  acid  wet  ash- 
ing of  samples  (7).  ^Zn  activity  was  deter- 
mined with  an  automated  gamma  ray  test 
tube  changer  system  with  a  Nal  (Tl)  well 
crystal.^  Because  of  nonhomogeneity  of  var- 
iances (due  to  large  differences  in  mean  val- 
ues), the  data  were  transformed  to  common 
logarithms  before  testing  by  analysis  of  vari- 
ance and  Duncan's  Multiple  Range  Test 
procedures  (8). 

Results.  The  high  zinc  diets  did  not  affect 
weight  gains  or  feed  consumption  or  cause 
clinical  toxicity  symptoms.  Average  daily 
feed  consumption  for  controls  and  those  re- 
ceiving 8400  ppm  added  zinc  were  18  and 
19  g,  respectively,  while  weight  gains  were 
3.5  and  3.3  g  per  day,  respectively. 

Stable  zinc  excreted  in  the  feces  increased 
linearly  with  each  additional  increment  of 
dietary  zinc  (Fig.  lA).  In  contrast,  total 
fecal  excretion  of  ®*Zn  increased  sharply 
from  65%  of  the  dose  in  controls  to  86%  of 
the  dose  in  rats  given  1200  ppm  added  zinc 
(Fig.  IB).  Further  additions  of  dietary  zinc 
up  to  8400  ppm  had  little  effect  of  fecal 
«^Zn  excretion  (Fig.  IB). 

Liver,  kidney,  and  tibia  stable  zinc  in- 
creased (P  <  0.05)  with  added  dietary  zinc 
up  to  2400  ppm  (Table  I).  Although  data 
were  variable,  a  plateau  in  zinc  concentra- 
tion of  these  tissues  was  evident  from  the 
2400  to  about  7200  ppm  added  zinc.  Fur- 
ther increases  of  zinc  in  liver,  kidney,  and 
tibia  occurred  when  supplemental  zinc  was 
increased  from  7200  to  8400  ppm.  Muscle 
and  heart  zinc  were  not  appreciably  affected 
by  any  of  the  dietary  treatments. 

The  high  ^'^Zn  content  in  tissues  of  control 
rats  (38  ppm  dietary  Zn)  (Table  II)  relative 
to  those  given  supplemental  zinc  indicates 
much  more  labile  zinc.  Although  only  a 
small  fraction  of  a  kilogram  of  tissues  is 

'  Model  709,  Baird  Atomic,  Inc.,  Cambridge.  Mass. 
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8400 


1200  3600  6000  8400 
PPM  SUPPL  ZN 
Fig.  1 .  Effect  of  feeding  high  levels  of  dietary  zinc 
for  21  days  on  total  fecal  excretion  of:  (A)  stable  zinc 
(as  (percentage  zinc  in  fecal  dry  matter);  and  (B)  '^'^Zn 
from  a  single  oral  dose.  All  values  are  means  of  nine 
rats  per  treatment  except  for  control  and  1200  ppm 
supplemental  zinc  groups  which  had  six  and  eight  rats, 
respectively. 


involved,  the  ^'^Zn  data  are  presented  per 
kilogram  to  obtain  convenient  sized  num- 
bers (Table  II). 

Feeding  1200  ppm  supplemental  zinc 
sharply  reduced  ^'^Zn  retention  in  all  tissues 
but  further  added  zinc  to  8400  had  much 
less  effect  (Table  II).  Muscle  and  heart  ^Zn 
declined  significantly  when  added  zinc  was 
increased  from  1200  to  8400  ppm.  In  con- 
trast, bone  ®^Zn  increased  when  added  die- 
tary zinc  was  advanced  from  3600  to  6000 
ppm  and  remained  fairly  constant  with  still 
higher  zinc  intakes  (Table  II). 

Discussion.  Homeostatic  control  mecha- 
nisms regulate  tissue  concentration  of  essen- 
tial elements  with  different  degrees  of  effec- 
tiveness in  animals  consuming  varying  in- 
takes (1,  9,  10).  In  calves,  these  control 
mechanisms  for  zinc  operate  through 
changes  in  absorption,  endogenous  fecal  ex- 
cretion, and  tissue  turnover  rates  (1,  9).  In 
this  study,  with  young  growing  rats,  linear 


TABLE  I.  Effect  of  Dietary  Zinc  Level  on  Stable  Zinc  in  Selected  Tissues." 


Tissues  (ppm  zinc,  dry  tissue) 

Dietary  zinc 

Muscle 

added  (ppm) 

Liver 

Kidneys 

Heart                         Tibia 
71  ±  5*                   246  ±  31* 

(round) 

Control" 

92  ±  3* 

96  ±  9* 

43  ±  2* 

1200 

170  ±  30^ 

145  ±  21*^ 

69  ±  2*                   456  ±  85*- 

46  ±  5* 

2400 

242  ±  36"* 

237  ±  43^^ 

71  ±  3*                   866  ±  161'" 

60  ±  9* 

3600 

201  ±  42^ 

220  ±  45'"'' 

73  ±  5*                   631  ±  160*- 

52  ±  6* 

4800 

184  ±  40^ 

229  ±  52'-'' 

75  ±  3*                  748  ±  208- 

48  ±  5* 

6000 

210  ±  50^ 

209  ±  38^^ 

78  ±  3*                  685  ±  165- 

43  ±  3* 

7200 

243  ±  27"' 

238  ±  41"' 

73  ±  3*                   904  ±  153-" 

48  ±  5* 

8400 

379  ±41'' 

408  ±  48*^ 

94  ±  6-                 1407  ±  204" 

51  ±  7* 

*  Values  are  mean  ±  SE  for  nine  rats  except  control  and  1 200  ppm  zinc  supplemental  groups  which  has  six  and 
eight  rats,  respectively.  Control  diet  had  38  ppm  zinc. 

*^*'  Values  in  the  same  vertical  column  not  followed  by  the  same  letter  are  significantly  different  (P  <  0.05)  as 
determined  by  analyses  of  variance  of  data  transformed  to  common  logarithms. 


TABLE 

n.  Tissue  ®*Zn  Distribution  as 

Affected  by  Dietary  Zinc." 

Dietary 

zinc 

added 

Tissues  (%  of  dose/kg  fresh  tissue) 

Muscle 

(ppm) 

Liver 

Kidneys 

Heart 

Tibia 

(Round) 

Blood 

Control" 

192.0  ±  6.4* 

145.9  ±  7.0* 

117.3  ±  4.1* 

525.4  ±  54.3* 

78.2  ±  4.7* 

38.6  ±  2.0* 

1200 

7.7  ±  0.9- 

5.4  ±  0.6-" 

4.8  ±  0.6- 

25.9  ±  3.3- 

3.5  ±  0.6- 

1 .6  ±  0.2- 

2400 

6.2  ±  1.2-" 

4.4  ±  0.8"- 

2.8  ±  0.4-" 

29.3  ±  4.2- 

2.8  ±  0.5-" 

1 .4  ±  0.3-" 

3600 

4.4  ±  0.6" 

3.3  ±  0.4- 

1.9  ±  0.3"-' 

37.0  ±  5.6- 

2.1  ±  0.2-"- 

0.8  ±  0.1- 

4800 

5.4  ±  0.5-" 

4.2  ±  0.4"- 

1.6  ±  0.2-' 

57.3  ±  5.4" 

1.7  ±  0.1"-' 

0.8  ±  0.1- 

6000 

8.1  ±  1.8- 

6.3  ±  1.3-" 

2.2  ±  0.5"- 

97.2  ±  22.6- 

1.5  ±  0.5-' 

1.1  ±  0.3"- 

7200 

6.2  ±  0.5-" 

5.6  ±  0.6-" 

1.3  ±  0.2' 

91.2  ±  8.6- 

1.3  ±  0.1' 

0.9  ±  0.05"- 

8400 

6.3  ±  0.7-" 

6.3  ±  0.6- 

1.2  ±  0.2' 

92.8  ±  9.0- 

1.2  ±  0.1' 

1.0  ±  0.1"- 

•  Values  arc  means  ±  SE  for  nine  rats  except  control  and  1 200  ppm  zinc  supplemental  groups  which  had  six  and 
eight  rats,  respectively.  Control  diet  had  38  ppm  zinc. 

*-*^  Values  in  the  same  vertical  column  not  followed  by  the  same  letter  are  significantly  different  (P  <  0.05)  as 
determined  by  analyses  of  variance  of  data  transformed  to  common  logarithms. 
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increases  in  fecal  excretion  of  zinc  with  each 
increased  in  dietary  zinc  contributed  sub- 
stantially to  homeostatic  control.  The  de- 
creased retention  of  stable  zinc  and  the  con- 
trasting plateau  of  fecal  ^'^Zn  retention  indi- 
cates a  more  rapid  zinc  turnover  rate  and 
suggests  higher  endogenous  losses  when 
added  dietary  zinc  was  elevated  above  1 200 
ppm  (Fig.  1). 

The  sharp  increases  of  stable  zinc  in  the 
liver,  kidney,  and  tibia  with  the  highest  zinc 
intake  suggest  some  breakdown  in  zinc  ho- 
meostatic control.  The  relatively  constant 
heart  and  muscle  zinc,  regardless  of  dietary 
level,  is  consistent  with  previous  rat  (6)  and 
calf  (2-4)  studies.  Similarly,  the  plateau  in 
zinc  concentrations  of  liver,  kidney,  and  ti- 
bia indicates  good  homeostatic  control  oc- 
curred in  these  tissues  when  supplemental 
dietary  zinc  was  increased  from  2400  to 
7200  ppm.  Failure  of  ®^Zn  retention  to  de- 
cline in  liver,  kidney,  and  tibia  when  added 
zinc  was  elevated  above  2400  ppm  suggests 
that  an  increasing  zinc  turnover  rate  in  these 
tissues  is  a  factor  in  the  homeostatic  control. 
The  increase  in  zinc  turnover  rates  was  less 
evident  in  muscle  and  heart  ^^Zn  data.  Ap- 
parently, ^^Zn  metabolism  in  bone  is  quite 
different  from  that  of  more  biologically  ac- 
tive tissues  (10,  11). 

In  contrast  to  the  8400  ppm  zinc  required 
for  major  elevations  of  zinc  in  liver  and 
kidney  of  rats,  only  600  ppm  added  dietary 
zinc  in  calf  diets  causes  much  larger  eleva- 
tions in  tissue  zinc  (2,  3).  Thus,  when  high 
dietary  zinc  is  fed,  rats  have  much  more 
effective  homeostatic  control  of  zinc  levels 
in  body  tissues  than  calves. 

Summary.  Zinc  metabolism  and  homeo- 
stasis were  studied  in  young  growing  rats  fed 
a  38  ppm  zinc  diet  with  added  zinc  levels 
ranging  from  0  to  8400  ppm  for  21  days. 
High  dietary  zinc  did  not  cause  toxicity 
symptoms.  Stable  zinc  in  feces  increased  lin- 
early with  dietary  zinc  intake  but  fecal  ®^Zn, 


from  a  single  oral  dose,  did  not  increase 
above  the  1200  ppm  dietary  level.  Stable 
zinc  in  liver,  kidney,  and  tibia  increased  two 
to  three  times  with  2400  ppm  added  zinc, 
but  was  not  further  elevated  until  8400  ppm 
was  fed.  Stable  zinc  in  muscle  and  heart  was 
not  affected  appreciably  by  dietary  zinc 
level.  In  all  tissues,  ^Zn  retention  was  dras- 
tically reduced  with  1200  ppm  added  dietary 
zinc.  Additional  dietary  zinc  reduced  ®*Zn  in 
muscle  and  heart  but  had  little  effect  on 
liver  and  kidney  ®*Zn.  The  data  indicate  that 
rats  have  fairly  effective  homeostatic  control 
mechanisms  for  tissue  zinc  below  about 
7200  ppm  dietary  zinc.  Whereas,  with  die- 
tary zinc  up  to  about  1200  ppm,  decreasing 
absorption  is  the  main  route  of  homeostatic 
control,  above  this  level,  more  rapid  zinc 
turnover  rates  and  increasing  endogenous 
zinc  excretion  appear  to  have  major  impor- 
tance. 
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3tozotocin,  an  antitumor  and  diabe- 
:  agent  derived  from  glucose  and  1- 
-1 -nitrosourea  (1)  has  been  shown  to 
:e  irreversible  hyperglycemia  in  rats, 
nice,  and  rhesus  monkeys  (2-4).  Dia- 
)nset  after  intravenous  streptozotocin 
J  a  triphasic  pattern  with  an  early  hy- 
:emia  (peaking  at  the  second  hour), 
lA  by  hypoglycemia  (most  marked  at 
I'enth  hour),  and  finally,  by  perma- 
lyperglycemia  by  the  twenty-fourth 

detailed  mechanism  for  streptozoto- 
uced  blood  glucose  changes  is  not 
jtely  understood.  The  work  of  Junod 
>)  assigns  the  permanent  diabetogenic 
ty  of  streptozotocin  to  its  )8-cell  cyto- 
ction.  The  early  hyperglycemic  phase 
ved  to  result  from  inhibition  of  )8-cel! 
secretion  (6).  Since  streptozotocin 
poses  rapidly  at  physiological  pH  to 
e  diazomethane,  a  classic  alkylating 
various  authors  (6-8)  have  suggested 
reptozotocin  and  related  N-nitroso 
unds  exert  their  actions  via  release  of 
Ikane.  This  possibility  has  been  ex- 
in  the  following  work  by  evaluating 
sets  of  non-nitrosated  as  well  as  nitro- 
nalogs  of  streptozotocin  on  rat  blood 

rials  and  methods,  Streptozotocin 
idly  supplied  by  Dr.  G.  C.  Gerritsen, 
)john  Company,  Kalamazoo,  Michi- 
he  syntheses  of  (I)-(IV),  the  haloe- 
reptozotocin  analogs,  and  of  (V)- 
the  O-acetylated  N-aryl  streptozoto- 
ilogs,  have  been  reported  elsewhere 

\  Sprague-Dawley  rats  (Charles 
Laboratories)  of  210-250  g  body 
were  used  throughout.  Prior  to  use, 
mats  were  kept  at  30-31°  and  fed 


er  for  Health  Sciences,  Lehigh  University, 
m,  Pennsylvania  18015. 


Standard  Wayne  chows  ad  libitum.  For 
measurement  of  effects  on  fasting  blood  glu- 
cose, rats  previously  fasted  48  hr  were  bled 
from  the  tail  vein  before  dosing  and  0.5,  1, 
2,3,4,5,6,  and  48  hr  after  intraperitoneal 
administration  of  drug  or  vehicle.  After  the 
sixth  hour  bleeding,  all  animals  were  fed  rat 
chow  ad  libitum.  Twenty-four  and  forty- 
eight  hours  after  dosing,  all  animals  were 
tested  for  glycosuria  using  Lilly  Tes-Tape. 
Complete  details  of  the  methods  for  deter- 
mining blood  glucose  and  for  rat  oral  glu- 
cose tolerance  testing  have  been  described 
elsewhere  (10).  After  completion  of  the  glu- 
cose tolerance  tests,  all  animals  were  pro- 
vided with  food  ad  libitum  and  were  tested 
for  glycosuria  24-48  hr  after  administration 
of  drug  or  vehicle.  For  the  fasting  blood 
glucose  experiments  and  the  glucose  toler- 
ance tests  using  streptozotocin  and  com- 
pounds I-IV,  the  compounds  were  adminis- 
tered within  5  min  after  dissolution  in  0.01 
M  citrate  buffer,  pH  4.5.  The  non-nitro- 
sated analogs  (V-VIII)  were  given  during 
glucose  tolerance  tests  as  a  suspension  in 
0.5%  methylcellulose. 

Results.  The  effect  of  streptozotocin  and 
the  streptozotocin  analogs  on  rat  glucose 
tolerance  is  shown  in  Table  I.  Streptozoto- 
cin and  all  eight  analogs  in  doses  of  100  mg/ 
kg  ip  produced  significant  increases  in  blood 
glucose  compared  to  vehicle-treated  ani- 
mals. However,  none  of  the  analogs  pro- 
duced a  sustained  rise  in  blood  glucose  com- 
parable to  the  parent  compound.  The  non- 
nitrosated  analogs  (II)  and  (IV)  produced 
greater  decreases  in  glucose  tolerance  in 
doses  of  100  mg/kg  ip  than  their  nitrosated 
counterparts  (Analogs  I  and  III).  Only 
streptozotocin  treated  animals  exhibited 
glycosuria  24-48  hr  after  dosing. 

Several  of  the  compounds  were  also  stud- 
ied for  their  ability  to  affect  fasted  rat  blood 
glucose  levels.  The  results  are  shown  in  Ta- 
ble II.  Streptozotocin  (100  mg/kg,  ip)  and 
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the  nitrosated  analog  (I)  (800  mg/kg,  ip) 
produced  the  early  hyperglycemic  phase  fol- 
lowed by  a  rapid  lowering  of  blood  glucose. 
All  animals  treated  with  (I)  died  between  7- 
24  hr  after  treatment  presumably  as  the  re- 
sult of  severe  hypoglycemia.  Streptozotocin 
also  has  been  reported  (11,  12)  to  produce 
lethalities  10  hr  after  administration  of 
doses  which  produced  a  hypoglycemia  effect 
comparable  to  that  observed  in  the  present 
studies  with  (I).  In  the  present  studies,  the 
animals  treated  with  100  mg/kg  ip  of  strep- 
tozotocin showed  only  modest  hypogly- 
cemia but  had  glycosuria  24-48  hr  after  dos- 
ing. The  non-nitrosated  analogs  (II),  (IV), 
(V),  and  (VII)  also  produced  early  hyper- 
glycemia; however,  neither  the  hypogly- 
cemic phase  nor  permanent  hyperglycemia 
and  glycosuria  were  observed. 

Discussion.  Golden  and  co-workers  (6) 
have  demonstrated  recently  that  streptozo- 
tocin can  exert  a  direct  inhibitory  effect  on 
glucose-induced  insulin  secretion  by  isolated 
islets  of  Langerhans.  This  indicates  that  a 


direct  action  on  the  )8-cell,  rather  than  a 
secondary  liberation  of  glycogenolytic 
agents,  such  as  epinephrine,  is  responsible 
for  the  early  hyperglycemic  phase  after 
streptozotocin  treatment.  Since  streptozoto- 
cin under  various  conditions  has  been  found 
to  be  unstable,  these  authors  postulated  that 
the  breakdown  product  diazoalkane  was  re- 
sponsible for  the  early  hyperglycemic  phase. 
However,  the  present  studies  using  strepto- 
zotocin analogs  which  cannot  form  diazoal- 
kane breakdown  products  do  not  substanti- 
ate their  conclusion.  Not  only  did  the  ni- 
troso  analogs  (I),  (III),  and  streptozotocin 
produce  early  hyperglycemia  but  so  did  the 
non-nitrosated  streptozotocin  analogs. 
Moreover,  the  data  suggest  that  the  sugar 
moiety  may  be  acting  as  more  than  just  a 
nonspecific  hydrophilic  carrier  for  nitrosou- 
rea groups  as  has  been  suggested  by  numer- 
ous investigators  (13-15)  but  may  actually 
have  a  more  direct  effect. 

Even  though  the  non-nitrosated  analog 
(II)  produced  more  severe  glucose  intoler- 
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ance  at  100  mg/kg  ip  (Table  I)  and  at  least 
as  great  a  fasting  hyperglycemia  in  doses  of 
800  mg/kg  ip  (Table  II)  as  its  corresponding 
nitrosated  analog  (I),  only  (I)  induced  a 
rapid  phase  of  blood  glucose  lowering  simi- 
lar to  streptozotocin  (5)  5  to  6  hr  after 
dosing  with  subsequent  lethality  of  all  ani- 
mals. This  finding  suggests  that  the  events 
that  occur  during  the  early  hyperglycemic 
phase  may  be  unrelated  to  the  subsequent 
hypoglycemic  and  permanent  diabetic 
phases  and  further  emphasizes  the  impor- 
tance of  the  nitroso  group  in  the  )8-cell  cyto- 
toxic action  of  streptozotocin. 

Analog  (III)  which  is  referred  to  as 
GCNU  or  NSC  1 14460,  is  one  of  the  most 
promising  antitumor  agents  of  the  A^-alkyl 
nitrosourea  family  (16)  and  was  previously 
reported  by  Schein  and  coworkers  to  lack 
hyperglycemic  activity  (17).  They  found 
that  rat  blood  glucose  levels  measured  48  hr 
after  the  administration  of  200  mg/kg  of 
(III)  were  within  the  normal  range.  How- 
ever, our  data  with  GCNU  and  its  nonacety- 
lated  analog  (I),  known  as  DCNU  or  chloro- 
zotocin  (18),  have  shown  that  transient  hy- 
perglycemia can  be  produced  in  doses  of 
100  mg/kg  ip  in  rat  glucose  tolerance  tests. 
This  finding  plus  the  similarity  of  carbohy- 
drate perturbations  suggest  that  caution 
should  be  exercised  when  these  agents  are 
used  in  the  clinical  treatment  of  tumors. 

Finally,  although  the  non-nitrosated  ana- 
logs of  streptozotocin,  (II)  and  (IV)-(VIII), 
have  been  proven  to  be  inactive  against 
LI  210  lymphoid  leukemia  and  against  hu- 
man epidermoid  carcinoma  of  the  nasophar- 
ynx (cell  culture)  (19),  their  pancreato- 
trophic  effect  without  production  of  frank 
diabetes  indicates  potential  utility  as  pan- 
creatic radiopharmaceuticals.  Radioiodin- 
ated  analogs  of  several  of  these  streptozoto- 
cin derivatives  are  presently  under  study 
with  respect  to  their  ability  to  image  islet 
cell  malignancies  (20). 

Summary.  Six  non-nitrosated  and  three 
nitrosated  analogs  of  the  antitumor  and  dia- 
betogenic agent,  streptozotocin,  have  been 
found  to  produce  hyperglycemia  in  fasted 
rats.  The  hyperglycemia  produced  by  the 
non-nitrosated  analogs  was  of  early  onset 
and  did  not  result  in  the  production  of  per- 
manent diabetes.  The  data  emphasizes  the 
important  role  of  the  nitroso  group  of  strep- 


tozotocin in  the  production  of  the  hypogly- 
cemic and  permanent  diabetic  phases  while 
the  sugar  moiety  may  have  a  direct  influence    | 
on  production  of  the  early  hyperglycemia 
phase . 

The  work  at  Lehigh  University  involving  the 
syntheses  of  streptozotocin  analogs  was  supported  by 
Grant  No.  DT  #53  from  the  American  Cancer  Society. 
and  by  an  award  from  the  Elsa  U.  Pardee  Foundation. 
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uvant-induced  arthritis  (AA)  in  rats 
;en  produced  by  a  single  injection  of 
mcterium  in  water-in-oil  emulsion.  It 
wn  that  Nocardia  (1)  and  Corynebac- 

rubrum  (2)  can  replace  Mycobacte- 
or  A  A  production.  Recently  Koga  et 

have  reported  that  the  cell  walls  from 
)myces  fradiae,  Streptomyces  lavendu- 
ictobacillus  plantarum,  and  Staphylo- 

aureus  were  able  to  produce  AA  in 
nd  all  clinical  features  were  identical 
ie  produced  by  Mycobacterium.  More 
ly  it  has  been  reported  that  infection 
ive  Salmonella  enteriditis  was  able  to 
:e  arthritis  in  the  L-BN  rats  (4). 
Fore,  it  should  be  reasonable  to  as- 
:hat  a  common  principle(s)  shared  by 
s  bacteria  and  probably  located  in  the 
ills,  is  involved  in  the  pathogenesis  of 
3ased  upon  this  reasoning  we  have 
aken  to  compare  the  arthritogenicity 
ious  bacterial  cell  walls  and  to  deter- 
vhat  components  of  the  cell  wall  may 
olved  in  production  of  the  disease. 

following  experiments  are  designed 

the  arthritogenic  potentiality  of  the 
ills  from  seven  streptococcal  and  two 
lococcal  strains  and  from  two  other 
ia. 
erials  and  methods.  Animals.  Female 

inbred  rats  (Microbiological  Associ- 
Bethesda,  Md.)  were  utilized.  They 
id  150  to  174  g. 
wall  preparations.    The   cell    walls 

in  the  present  study  were  generously 
gd  by  Dr.  S.  Kotani  (Dept.  of  Micro- 
y,  Osaka  University  Dental  School, 
I.  The  preparation  of  these  cell  walls  is 
^d  in  detail  elsewhere  (5). 
terial  species  tested  were  Streptococ- 
cus (Str.  lactis  IFO  12546),  Str.  fae- 

s  work  was  supported  by  USPHS  Grant  No. 
759. 


calls  (IFO  12580),  Str.  mutans  (BHT),  Str. 
salivarium  (HHT),  Str.  salivarius  (IFO 
3350),  Str.  bovis  (IFO  12058),  Str.  ther- 
mophilus  (IFO  3535),  Str.  pyogens  (group 
A  streptococcus,  type  12,  S.F.  42  strain). 
Staphylococcus  aureus  (S.  aureus  FDA 
209P),5.  epidermidis  (ATCC  155).  Bacillus 
megaterium  (B.  megaterium  KM),  Micro- 
coccus lysodeikticus  (M.  lysodeikticus 
NTCC  2665),  and  Mycobacterium  smegma- 
tis  (M.  smegmatis  ATCC  14468). 

Preparation  of  the  hydrosoluble  peptido- 
glycans.  Lysozyme-solubilized  hydrosoluble 
products  (peptidoglycans)  were  prepared 
from  M.  smegmatis  and  the  human  mixed 
strains  of  Mycobacterium  (C,  DT,  PN),  ac- 
cording to  the  method  of  Adam  et  al.  (6) 
with  some  modifications  (7).  The  prepara- 
tion of  the  hydrosoluble  peptidoglycans 
(PG)  from  5.  aureus  cell  walls  is  described  in 
detail  elsewhere  (5).  These  peptidoglycans 
were  used  as  skin  test  antigens  in  the  present 
study. 

Production  of  AA.  Rats  were  injected 
into  both  inguinal  lymph  nodes  with  a  total 
volume  of  0.01  ml  of  water-in-oil  emulsion, 
containing  0.1  mg  each  of  cell  walls,  accord- 
ing to  the  Newbould  technique  (8). 

The  cell  walls  were  triturated  well  with 
mortar  and  pestle  and  thoroughly  mixed  in  a 
mineral  oil  containing  15%  of  Arlacel  A. 

A  water-in-oil  emulsion  was  thus  pre- 
pared by  the  dropwise  addition  of  an  equal 
volume  of  0.01  M  phosphate  buffered  saline 
(PBS),  pH  7.2,  in  order  to  make  a  final 
concentration  of  the  cell  walls  0.1  mg  per 
0.01  ml  of  the  water-in-oil  emulsion. 

Evaluation  of  AA.  The  rats  were  exam- 
ined daily  for  3  to  4  weeks  after  inoculation 
to  evaluate  the  onset  day  of  the  disease  and 
were  graded  from  0  to  4  points  for  each 
appendage,  in  accordance  with  a  previous 
report  (9).  In  general,  the  arthritogram 
score  below  5  was  evaluated  as  mild  and 
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transient  arthritis;  6  to  10,  moderate;  11  to 
14,  severe;  and  15  to  20,  extremely  severe. 

Skin  testing.  Skin  tests  were  performed  21 
days  after  inoculation  on  a  shaved  area  of 
the  flank  by  intradermal  injection  with  0.1 
ml  of  0.01  M  PBS,  pH  7.2,  which  contained 
50  mg  of  test  antigen.  The  diameter  of  the 
erythema  and  the  induration  of  the  skin  test 
area  was  carefully  recorded  at  6  hr  for  im- 
mediate reaction,  and  24  and  43  hr  for  de- 
layed type  hypersensitivity,  according  to  the 
method  of  Flax  et  al.  (10). 

Results.  Arthritogenicity  of  various  differ- 
ent streptococcal  cell  walls.  As  shown  in  Ta- 
ble I,  the  cell  walls  from  Str.  bovis.  Sir. 
lactiSy  Str.  mutans,  Str,  salivarius  (HHT), 
Str.  pyogenes,  and  Str.  thermophilus  were 
able  to  produce  mild  to  severe  disease  with 
an  incidence  of  50,  70,  80,  25  (total  for  two 
species),  30,  and  70%,  respectively.  The 
cell  walls  from  Str.  salivarius  (IFO  3350) 
and5/r.  faecalis  did  not  produce  the  disease. 

Arthritogenicity  of  two  staphylococcus  and 
miscellaneous  bacterial  cell  walls.  As  shown 
in  Table  II,  M.  smegmatis  cell  walls  and 
human  mixed  strains  of  Mycobacterium  (C, 
DT,  PN)  produced  extremely  severe  disease 
with  100%  of  incidence.  The  clinical  signs 
appeared  6  to  9  days  after  inoculation  and 
reached  a  mean  high  score  of  20  and  19.5, 
respectively. 

S.  aureus  cell  walls  produced  severe  dis- 
ease with  an  incidence  of  100%  in  one  ex- 
periment and  of  90%  in  another  experi- 
ment, while  5.  epidermidis  cell  walls  were 


unable  to  produce  disease.  The  cell  walls 
from  B.  megaterium  and  Af.  lysodeikticm 
were  also  found  to  be  nonarthritogenic. 

Delayed  skin  hypersensitivity  in  rats  im- 
munized with  various  cell  walls.  TTie  results 
are  shown  in  Table  III.  The  rats  immunized 
with  M.  smegmatis  elicited  strong  delayed 
hypersensitivity  to  peptidoglycans  of  eiUier 
M.  smegmatis  or  S.  aureus  but  not  to  PPD, 
while  the  rats  immunized  with  human  mixed 
strains  of  Mycobacterium  (C,  DT,  PN)  elic- 
ited strong  delayed  hypersensitivity  to  pepti- 
doglycans and  PPD.  The  5.  aureus  cell  walls 
also  induced  strong  delayed  hypersensitivity 
to  all  peptidoglycans  but  not  to  PPD.  The 
cell  walls  of  S.  epidermidis,  B.  megaterium, 
and  M.  lysodeikticus  did  not  induce  any  skin 
reactions  to  PPD  or  peptidoglycans. 

Immune  response  of  the  rats  immunized 
with  various  streptococcal  cell  walls.  As  can 
be  seen  in  Table  IV,  there  is  a  very  good 
correlation  between  development  of  the  dis- 
ease and  delayed  hypersensitivity  reactions 
to  the  peptidoglycan  of  human  mixed  strains 
oi Mycobacterium  (C,  DT,  PN).  All  the  rats 
which  developed  the  disease  after  inocula- 
tion of  the  cell  walls  from  Str.  thermophilus, 
Str.  pyogenes,  and  Str.  salivarius  (HHT) 
elicited  a  positive  delayed  hyj)ersensitivity 
to  the  peptidoglycan  of  Mycobacterium  (C, 
DT,  PN).  However,  the  rats  which  did  not 
develop  the  disease  after  inoculation  of  the 
above  cell  walls  showed  no  skin  response 
except  one  which  was  immunized  with  Str. 
salivarius  (HHT).  The  rats  immunized  with 


TABLE  1.  Arthritis-Inducing  Ability  of  Various  Streptococcal  Cell  Walls. 


Dosc° 

Adjuvant 

Arthritis 

Mean  high 

Source  of  cell  wall 

(mg/rat) 

Incidence 

Onset  day 

(Average) 

score 

Str.  bovis 

0.1 

5/10 

10-15 

(12.0) 

14.6 

Str.  lactis 

0.1 

7/10 

12-14 

(13.4) 

11.0 

Str.  mutans 

0.1 

8/10 

12-15 

(14.1) 

11.5 

Str.  salivarius!' 

0.1 

0/10 

— 

— 

Str.  salivaritds^ 

0.1 

1/10 

13 

(13.0) 

12.0 

Str.  salivarius^ 

0.1 

4/10 

12-15 

(13.4) 

10.5 

Str.  pyogenes 

0.1 

3/10 

11 

(11.0) 

12.0 

Str.  thermophilus 

0.1 

7/10 

12-15 

(12.6) 

7.9 

Str.  faecalis 

0.1 

0/10 

— 

— 

Conlror' 

0/10 

- 

- 

"  Female  Lewis  rats  were  immunized  in  both  inguinal  lymph  nodes  with  0.01  ml  of  a  water-in-oil  emulsion 
which  contained  of  0.1  mg  each  of  bacterial  cell  walls. 
"  Str.  salivarius  (IFO-3350). 
''  Str.  salivarius  (HHT). 
"  Lewis  rats  were  immunized  with  a  water-in-oil  emulsion  without  any  bacteria. 
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TABLE  n.  Arthritis-Inducing  Abiuty  of  Two  Staphylococcal  Cell  Walls  and  Miscellaneous 

Bacterial  Cell  Walls. 


Dose"  (mg/ 

Adjuvant 

arthritis 

Mean  high^ 

Source  of  cell  wall 

rat) 

Incidence 

Onset  day 

(Average) 

score 

vcobacterium 

If.  smegmatis 

0.1 

10/10 

6-8 

(7.2) 

20.0 

C,  DT,  PN'^ 

0.1 

10/10 

7-9 

(7.7) 

19.5 

iphylococcus 

S.  aureus 

0.1 

10/10 

9-16 

(12.0) 

14.4 

0.1 

9/10 

8-10 

(11.7) 

13.1 

S.  epidermidis 

0.1 

0/10 

- 

- 

0.1 

0/10 

— 

— 

iscellaneous  or  others 

B.  megaterium 

0.1 

0/10 

- 

- 

M.  lysodeikticus 

0.1 

0/10 

- 

— 

"  Female  Lewis  rats  were  immunized  in  both  inguinal  lymph  nodes  with  0.01  ml  of  a  water-in-oil  emulsion 
lich  contains  0.1  mg  each  of  material. 

*  This  score  was  calculated  by  averaging  the  highest  score  of  each  rat. 

'   Human  mixed  strains  of  Mycobacterium.  The  delipidated  cells  of  these  Mycobacteria  were  used  instead  of  cell 
III. 

TABLE  III.  Immune  Response  of  the  Rats  Immunized  with  Various  Bacteria. 

48-hr  skin  reaction*^  Average  diameter  ±  SE  (mm) 


Adjuvant 
arthritis 

PPD 

Hydrosoluble  product  (peptidoglycan)  of 

Immunization" 

C,  DT,  PN 

M.  smegmatis 

5.  aureus 

f.  smegmatis 
,  DT,  PN* 
.  aureus 
.  epidermidis 
f.  lysodeikticus 
.  megaterium 

+ 

Neg. 
15.5  ±  1.0 
Neg. 
Neg. 
Neg. 
Neg. 

Neg. 
16.0  ±  0.6 
12.8  ±  0.7 

Neg. 

Neg. 

Neg. 

16.0  ±  0.6 
12.0  ±  1.2 
15.2  ±  0.9 

Neg. 

Neg. 

Neg. 

10.8  ±  0.5 
9.9  ±  0.7' 
11.2  ±  0.6 

"  All  rats  were  immunized  in  both  inguinal  lymph  nodes  with  0.01  ml  of  water-in-oil  emulsion  containing  0.1 
ig  each  of  bacterial  cell  wall  except  human  mixed  strains  of  Mycobacteria  (C,  DT,  PN). 

*  Delipidated  cells  were  used  instead  of  cell  wall. 

*"  Skin  tests  were  performed  21  days  after  inoculation  with  0.1  ml  of  PBS  containing  50  pig  each  of  test  antigens. 

"  All  of  the  rats  developed  the  disease. 

'  None  of  the  rats  developed  the  disease. 

'  The  test  antigen  utilized  here  was  a  different  lot  of  peptidoglycan  of  5.  aureus  from  that  used  in  the  other  two 
roups. 


lonarthritogenic  cell  walls  such  as  Str.  salt- 
arius  (KFO  3350)  and  Str,  faecalis,  and  the 
ontrol  normal  rats  did  not  elicit  any  skin 
eaction.  None  of  the  rats  in  this  experiment 
lemonstrated  an  immediate  type  skin  reac- 
ion. 

Discussion.  The  present  data  indicate  that 
he  cell  walls  of  Str.  thermophilus,  Str. 
*ovis,  Str.  lactis,  Str.  mutans,  Str.  pyogenes, 
ind  Str.  salivarius  (HHT)  were  able  to  pro- 
luce  the  disease  while  the  cell  walls  of  Str. 
aecalis  and  Str.  salivarius  (IFO  3350)  were 
inable  to  do  so.  The  arthritis  and  other 
eatures  were  identical  to  those  produced  by 
Mycobacterium  (e.g.,  M.  smegmatis  and  hu- 


man mixed  strains  of  Mycobacterium).  It 
was  shown  in  a  previous  report  (3)  that  the 
cell  walls  of  5.  aureus  and  Str.  pyogenes 
produced  little  or  no  sign  of  arthritis.  How- 
ever, we  found  that  cell  walls  of  5.  aureus 
did  produce  severe  disease  with  more  than 
90%  of  incidence  and  Str.  pyogenes  cell 
walls  also  produced  the  disease  with  over 
30%  of  the  animals  tested.  These  discrepan- 
cies could  be  the  result  of  the  composition  of 
mineral  oil  employed.  In  our  present  study 
we  used  mineral  oil  containing  15%  of  Arla- 
cel  A,  while  in  the  previous  study  (3)  min- 
eral oil  containing  5%  of  Arlacel  A  was 
used.  In  the  case  of  Mycobacterium  and  its 


202  ARTHRnxxsENicmr  of  bacterial  cell  walls 

TABLE  IV.  Immune  Response  of  the  Rats  Immunized  with  Vakious  Stieptococcal  Cell  Walls. 


Immunization" 

Adjuvant*  ar- 
thritis 

48-Hr  skin  reaction  Average  diameter  ±  SE  (mm) 

PPD 

Hydrosoluble  product  (peptidoglycan)  of 
C,DT,andPN 

Str. 

thermophilus 

+ 

Neg. 

10.6  ±  0.9 

(7/7r 

- 

Neg. 

Neg. 

(3/3y 

Sir. 

pyogenes 

+ 

Neg. 

10.3  ±  0.6 

(3/3r 

- 

Neg. 

Neg. 

vnr 

Str.  salivarius  (HHT) 

+ 

Neg. 

13.5  ±  1.2 

(4/4r 

- 

Neg. 

13.0  ±0.0 

(i/6r 

Sir. 

salivarius  (1FO3350) 

- 

Neg. 

Neg. 

(10/10) 

Str. 

faecaiis 

- 

Neg. 

Neg. 

(10/10) 

ControK 

- 

Neg. 

Neg. 

(10/10) 

"  All  the  rats  were  immunized  in  both  inguinal  lymph  nodes  with  0.01  ml  of  water-in-oil  emulsion  containing 
0.1  mg  each  of  bacterial  cell  wall  and  21  days  later  skin  tested  with  50  /xg  each  of  test  antigen. 
*  -♦-,  Arthritic  rat;  -,  nonarthritic  rat. 

''  Number  of  rats  with  positive  skin  tests/number  of  arthritic  rats. 
*^  Number  of  rats  with  negative  skin  tests/number  of  nonarthritic  rats. 
''  Number  of  rats  with  positive  skin  tests/number  of  nonarthritic  rats. 
^  Control  rats  were  immunized  with  incomplete  adjuvant. 


wax  D,  we  could  not  find  any  difference  in 
their  arthritogenicity  when  the  two  mineral 
oil  preparations  were  used.  However,  the 
mineral  oil  containing  15%  of  Arlacel  A 
seems  to  give  rise  to  a  better  water-in-oil 
emulsion  (thick  emulsion),  at  least  with  the 
cell  walls  described  above.  The  higher  Arla- 
cel A  concentration  may  be  necessary  be- 
cause of  the  much  lower  lipid  content  and  a 
much  higher  polysaccharide  content  in  these 
bacterial  cell  walls  as  compared  to  that  in 
the  Mycobacterial  cell  walls  (11). 

On  the  other  hand,  we  repeatedly  con- 
firmed the  observations  of  Koga  et  al.  (3)  in 
which  the  cell  walls  from  5.  epidermidis,  B. 
megaterium,  and  M.  lysodeikticus  were  non- 
arthritogenic.  The  failure  of  these  cell  walls 
to  produce  the  disease  may  be  relevant  to 
the  fact  that  they  were  unable  to  replace 
Mycobacterium  in  complete  Freund  adju- 
vant in  guinea  pigs  (5).  All  of  the  arthrito- 
genic  cell  walls  used  here  have  been  shown 
to  function  as  adjuvants  in  guinea  pigs  both 
by  increasing  antibody  synthesis  and  induc- 
ing delayed  hypersensitivity  (cell-mediated 
immunity)  to  ovalbumin  (5).  However,  the 
cell  walls  of  Str.  salivarius  (IFO  3350)  and 
Str.  faecaiis  having  an  adjuvant  activity  (5) 
could  not  produce  the  disease,  as  is  shown  in 
Table  I.  Thus  the  present  results  provide  the 
view  that  adjuvanticity  is  needed  for  bacte- 


rial cell  walls  to  produce  the  disease,  while 
arthritogenicity  requires  an  additional  com- 
ponent which  must  be  a  specific  antigen  re- 
sponsible for  the  disease  production.  One 
must  also  consider  the  possibility  that  the 
arthritogenicity  of  certain  bacterial  cell  walls 
as  described  here  may  be  attributed  to  the 
amount  of  this  antigen  available  in  the  cell 
walls. 

The  present  results  also  indicate  that  a 
very  good  correlation  exists  between  devel- 
opment of  arthritis  and  the  positive  delayed 
hypersensitivity  to  the  peptidoglycans,  with 
the  exception  of  one  rat  who  was  immunized 
with  Str.  salivarius  (HHT)  and  thereafter 
did  not  develope  arthritis  but  exhibited  posi- 
tive skin  test  (Table  III).  Thus  these  results 
strongly  suggest  that  this  delayed  hypersen- 
sitivity may  be  involved  in  the  pathogenesis 
of  the  disease.  Furthermore,  it  is  of  interest 
that  the  rats  immunized  with  either  S.  au- 
reus cell  wall  or  M,  smegmatis  cell  wall  elic- 
ited strong  delayed  hypersensitivity  to  the 
peptidoglycans  from  both  cell  walls.  A  simi- 
lar cross-reaction  was  also  observed  be- 
tween the  peptidoglycans  from  the  cell  walls 
of  5.  aureus  and  human  mixed  strains  of 
Mycobacteria  (C,  DT,  and  PN).  These 
cross-reactions  among  peptidoglycans  may 
be  related  to  the  similarity  of  peptidoglycan 
structure  among  bacterial  cell   walls  (IK 
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Tie  results  in  Table  IV  provide  an 
)nal  evidence  of  this  cross-reaction. 

also  clear  from  the  present  results 
PD  and  its  hypersensitivity  was  not 
?d  in  the  pathogenesis  of  the  disease, 
»e  Streptococcal  cell  walls  do  not  con- 
PD-Iike  substances  which  are  specific 
^cobacterium  and  did  not  induce  PPD 
«nsitivity  in  the  rats  which  developed 

disease. 

iew  of  the  fact  that  many  bacterial 
ons  can  cause  acute  infectious  arthri- 
nan  (13),  our  present  study  supports 
5w  that  a  common  structure  among 
ial  cell  walls  may  exert  an  important 
;ical  role  in  the  development  of  infec- 
rthritis  in  man.  It  is  also  of  interest  to 
that  mycoplasma  (14)  and  diphthe- 
•ganisms  (15,16)  can  be  isolated  from 
^umatoid  arthritic  joints  in  man  and 
lese  organisms  can  also  produce  po- 
itis  in  rats  (3,  17).  Furthermore,  it 
en  shown  that  there  is  an  increased 
ice  of  septic  arthritis  in  patients  with 
atoid  arthritis  (18).  Therefore,  the 
t  results,  taken  together  with  above 
>  (3,  14-18),  provide  further  support 

hypothesis  that  bacterial  infection 
2  partly  involved  in  the  pathogenesis 
imatoid  arthritis  and  may  have  some 
ice  on  the  course  and  development  of 
;ease,  possibly  in  these  disorders  serv- 
her  as  direct  antigenic  stimulants  or 
likely  as  adjuvants  to  assist  in  the 
>n  and/or  propagation  of  another  in- 
s  agent,  such  as  a  virus,  mycoplasma, 
,  etc.  In  this  connection,  the  use  of 
laracterized  cell  walls  as  used  in  this 
)del  system  may  also  be  helpful  to 
ite  the  pathogenesis  of  joint  disease  in 
iVork  is  currently  in  progress  in  our 
lories  along  these  lines. 
mary.  Bacterial  cell  walls  from  Str. 
Sir.  lactis,  Str,  /nutans,  Str.  thermoph- 
r.  salivarius,  and  Str.  pyogenes  were 

produce  polyarthritis  in  rats  but  Str. 

cell  walls  were  nonarthritogenic.  S. 
cell  walls  produced  extremely  severe 
.  It  was  also  shown  that  cell  walls 


from  5.  epidermidis,  B.  megaterium,  and  Af . 
lysodeikticus  were  nonarthritogenic.  A  close 
correlation  was  observed  between  develop- 
ment of  arthritis  and  the  delayed  hypersen- 
sitivity to  bacterial  peptidoglycans  but  not 
with  the  PPD  hypersensitivity.  It  was  sug- 
gested that  the  adjuvanticity  of  bacterial  cell 
walls  is  needed  to  induce  the  disease  and 
that  arthritogenicity  requires  a  specific  anti- 
gen in  addition  to  the  presence  of  an  adju- 
vant-inducing agent. 


1.  Flax,  M.  H.,  and  Waksman,  B.  H.,  Int.  Arch. 
Allergy  23,  331  (1963). 

2.  Paronelto,  F.,  Proc.  Soc.  Exp.  Biol.  Med.  133, 
296(1970). 

3.  Koga,T.,  Pearson,  CM.,  Narita.T.,  and  Kotani, 
S.,  Proc.  Soc.  Exp.  Biol.  Med.  143, 824  (1973). 

4.  Volkman,  A.,  and  Collins,  F.  M.,  J.  Reticuloen- 
dothelial Soc.  16,  Abstract  Suppl.  47a  (1974). 

5.  Kotani,  S.,  Narita,  T.,  Stewart-Tull,  D.  E.  S., 
Shimono,  T.,  Watanabe,  Y.,  Kato,  K.,  and  Iwata, 
S.,  Biken  J.  18(2),  77  (1975). 

6 .  Adam ,  A . ,  Ciorbaru ,  R . ,  Petit,  J .  F. ,  and  Lederer, 
E.,  Proc.  Nat.  Acad.  Sci.  69,  851  (1972). 

7.  Kohashi,  O.,  Pearson,  CM..  Shimono.  T.,  and 
Kotani,  S.  Int.  Arch.  Allergy  (in  press). 

8.  Newbould,  B.  B.,  Immunology  9,  613  (1965). 

9.  Wood,  F.  D.  Pearson,  C  M.,  and  Tanaka,  A.,  Int. 
Arch.  Allergy  35,  456  (1969). 

10.  Flax,  M.  H.,  and  Waksmann,  B.  H.,  J.  Immunol. 
89,496(1962). 

1 1 .  Schleifer,  K.  H.,  and  Kandler,  O.,  Bacteriol.  Rev. 
36,407(1972). 

12.  Ghuysen,  J.  M.,  Bacteriol.  Rev.  32,  425  (1968). 

13.  Hollander,  J.  L.,and  McCarty,  D.  J.,  Jr.,/>i  "Ar- 
thritis," 8th  ed.,  p.  1203.  Lea  &  Febigcr,  Philadel- 
phia (1974). 

14.  Arai,  M.,  Ishikawa.  A.,  and  Hota,  E.,  Proc.  8th 
Congr.  Japanese  Rheumatism  Association,  Okay- 
ama,  p.  279  (1964). 

15.  Bartholomew,  L.  E.,  Arth.  Rheum.  8,  376 
(1965). 

16.  Hill,  A.  G.  S..  McC^rmick,  J.  N.,  Grecnsbury,  C 
L.,  Morriss,  C  J.,  and  Kenningdale,  J.,  Ann. 
Rheum.  Dis.  26,566  (1967). 

17.  Thomas,  L.,  Fed.  Proc.  32,  143  (1973). 

18.  Douglas,  G.  W.,  Levin,  R.  H..  and  Sokoloff,  L., 
New  Engl.  J.  Med.  270,  299  (1964). 


Received  October  15,  1975.  P.S.E.B.M.  1976.  Vol. 
152. 


PIOCEEOINGS   OF   THE   SOaETY    POI    EXKUMENTAL   BIOLOGY   AND   MEDICINE    152,    204-209    (1976) 


Fractionation  of  Serum  Transcobalamins  on  Charged  Cellulose  Filters  (39361) 
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Department  of  Bacteriology  and  Department  of  Experimental  Medicine  and  Cancer  Research,  The  Hebrew 
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The  three  transcobalamins  (i.e.,  vitamin 
B,2-binding  proteins),  TCI,  TCII,  and 
TCIII,  known  to  be  present  in  human  se- 
rum, are  difficult  to  determine  by  current 
procedures.  The  difficulties  stem  from  the 
unique  properties  of  TCIII,  which  resem- 
bles TCII  in  its  electrophoretic  mobility  and 
behavior  on  DEAE-cellulose  batch  separa- 
tion, while  immunologically  and  in  its  mo- 
lecular weight  it  is  similar  to  TCI  (1-4).  The 
determination  of  the  three  transcobalamins 
requires  therefore  a  combination  of  two 
procedures,  a  DEAE-cellulose  column  to 
separate  TCI  from  TCII  and  TCIII  on  one 
hand,  and  a  sephadex  G-200  column  to  sep- 
arate TCII  from  TCIII  on  the  other  (1-4). 
Alternatively,  the  selective  removal  of  TCII 
either  by  precipitation  with  ammonium  sul- 
fate (5,  6)  or  by  adsorption  to  uncoated 
charcoal  (2)  and  to  silica  powder  (7),  ena- 
bled the  use  of  DEAE-cellulose  chromatog- 
raphy alone.  A  DEAE-cellulose  column 
was  used  to  separate  all  the  three  binders  by 
changing  the  eluting  buffer  several  times  (8, 
9);  however,  such  a  method  seems  too  cum- 
bersome for  adaptation  to  the  clinical  labo- 
ratory. 

It  is  already  recognized  that  certain  path- 
ological conditions  are  associated  with  sig- 
nificant and  specific  changes  in  concentra- 
tions of  the  serum  transcobalamins.  Low 
unsaturated  B,2-binding  capacity  (UBBC) 
and  increase  in  serum  B,2  concentration 
bound  mostly  to  TCII  is  characteristic  of 
hepatocellular  damage  (10-12).  Marked  in- 
creases in  TCI  and  elevated  serum  B,2  are 
associated  with  chronic  myelogenous  leuke- 
mia (CML)  and  acute  promvelocytic  leuke- 
mia (APL)  (13-23).  Elevated  TCIII  and 
normal  serum  B,2  values  are  found  in  poly- 
cythemia vera  (PV)  and  clinical  conditions 
associated  with  leukocytosis  other  than  leu- 
kemia (1 ,  4,  24). 

A  rapid  and  simple  procedure  for  frac- 
tionation   of   the    transcobalamins    should 


therefore  be  of  value  in  the  diagnosis  of 
various  pathological  conditons. 

A  simple  method  for  the  quantitative  de- 
termination of  TCI  and  TCIII  was  recently 
reported  by  us  (25).  It  is  based  on  the  selec- 
tive adsorption  of  these  transcobalamins  to 
charged  filter  disks  of  DEAE-cellulose  and 
cellulose-nitrate,  respectively.  In  the  pres- 
ent study  the  method  was  modified  to  deter- 
mine simultaneously  all  three  B,2  binders. 

Materials  and  methods.  Serum  prepara- 
tion. Sera  from  normal  subjects  and  from 
patients  suffering  from  chronic  myeloge- 
nous leukemia  (CML)  and  polycythemia 
vera  (PV)  were  rapidly  separated  and  stored 
at  -20°.  A  large  batch  of  pooled  normal  se- 
rum (100  ml)  was  incubated  for  30  min  with 
excess  (5  ng/ml)  of  nonradioactive  vitamin 
Bi2  and  dialyzed  overnight  against  distilled 
water.  This  serum  will  be  referred  to  as  8,2- 
saturated  serum  and  was  used  as  an  addi- 
tional coating  procedure  for  the  charcoal 
(see  below)  to  prevent  adsorption  of  TCII 
from  incubation  mixtures  containing  small 
amounts  (0.01  ml)  of  serum. 

^^Co  Bi2'  '^^Co  B,2  of  high  specific  activity 
between  135-200  /xCi//ig  (The  Radiochem- 
ical Centre,  Amersham,  Bucks,  England) 
was  used.  Batches  of  10  /LtCi  were  diluted 
with  water  to  a  final  concentration  of 
10,000  pg  Biz/ml  and  stored  in  the  refriger- 
ator when  not  in  use. 

Determination  of  UBBC  and  transcobala- 
min  distribution  by  the  filter  stack.  The  filter 
stack  is  an  assortment  of  wet  charged  cellu- 
lose disks  of  25  mm  in  diameter  (25)  placed 
on  a  millipore  type  filter  holder  apparatus 
(The  Tamar  Co.,  Jerusalem,  Israel).  The 
stack  is  composed  of  a  single  cellulose-ni- 
trate filter  (Schleicher  and  Schull,  Dassel, 
Germany)  which  is  placed  on  top  of  three 
DE-81  filters  (The  Whatman  Biochemicals 
Ltd.,  Maidstone,  Kent,  England)  rather 
than  two  as  used  previously  (25),  as  it  ena- 
bles a  complete  recovery  of  TCI  and  TCIII 
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ons.  Buffer  solutions  for  the  filter 
5  (see  below)  were  prepared  using  glass 
ed  water  and  filtered  through  a  cellu- 
litrate  filter  to  remove  particles  which 
interfere  with  the  assay, 
iplicate  samples  of  the  serum  (0.01  ml 
I  were  incubated  for  30  min  at  37°  with 
s^^CoB,2  (50-100  pg/0 .01  ml),  0.2  ml 
I  M  sodium  borate  buffer  (pH  8.5)  and 
'  to  a  final  volume  of  0.4  ml;  alterna- 
',  larger  aliquots  of  sera  and  radio  B,2 
id  1:10  or  so  may  be  taken.  After  incu- 
n,  each  reaction  mixture  was  diluted 

10-12  ml  of  the  borate  buffer  and 
d,  by  applying  vacuum,  through  the 

stack  described  above;  a  1/3  HP  air 
im  pump  and  a  trap  for  collecting  the 
s  of  unbound  "Co  B,2  was  used, 
js  of  unbound  radio-vitamin  were  re- 
d  by  washing  the  filter  stack  twice, 
10  ml  of  the  same  buffer.  One  washing 
10  ml  of  buffer  was  usually  sufficient  to 
ve  all  unbound  radioactivity  as  assayed 
tly  in  the  filtrate;  however,  to  assure 
ant  and  complete  removal  of  the  un- 
dl  "Co  B,2  two  additional  washings  are 
imended.  The  unsaturated  Bi2-binding 
ity  (UBBC),  expressed  as  amount  of 
rams  of  "Co  B,2  bound  per  milliliter  of 
1,  was  calculated  from  the  radioactivity 
led  by  the  stack.  The  percentage  distri- 
n  of  the  binders  was  determined  from 
adioactivities  retained  by  each  filter- 
before  and  after  subjecting  the  stack  to 
*r  washing  with  acid  potassium  phos- 

buffer  as  detailed  in  the  text. 
termination  of  UBBC  by  the  coated- 
oal  adsorption  method.  The  reaction 
re  and  incubation  conditions  were  as 
ibed  above.  After  the  incubation  pe- 
0.5  ml  of  the  '*B,2-saturated  serum" 
oned  above  was  added  to  the  reaction 
re.  Excess  of  unbound  "Co  B12  was 
removed  by  adding  of  0.5-ml  suspen- 
)f  Dextran  80-coated  charcoal  (1  g  of 
an  80/5  g  of  Norit  A/ 100  ml  of  salt 
on)  (26).  After  centrifugation  the 
Z  was  determined  by  measuring  the 
ictivity  of  the  supernatant. 
ctive  removal  of  TCII  and  estimation 
ZI  and  TCII  I  by  chromatography. 
:obalamin  II  was  selectively  removed 
he  sera  by  treatment  with  Quso  G32 


(a  microfine  precipitated  silica  which  was 
generously  supplied  by  Dr.  Victor  Herbert), 
by  adding  20  mg  of  the  silica  per  1  ml  of 
serum  and  shaking  the  suspension  for  30 
min  (7).  After  centrifugation,  the  superna- 
tant was  used  to  determine  either  the  total 
concentration  of  TCI  and  TCIII  or  their 
individual  components  after  separation  on  a 
DE-52  column  or  by  specific  elution  from 
the  DE-81  filter  stacks  as  described  in  the 
Results. 

The  separation  of  TCII  from  TCI  and 
TCIII  was  also  carried  out  using  the  Sepha- 
dex  G-200  column  chromatography  de- 
scribed by  Hom  et  al.  (19). 

Results.  Adsorption  of  ^"^Co  B^^'transco- 
balamin  complexes  to  charged  cellulose  fil- 
ters. A  prerequisite  for  determination  of  the 
three  transcobalamins  is  that  they  adsorb 
both  quantitatively  and  selectively  to  the 
filter  stack.  The  UBBC  values  of  various 
sera  containing  quantitatively  different  as- 
sortments of  transcobalamins  were  there- 
fore determined  by  the  filter  stack  proce- 
dure and  the  results  compared  with  those 
obtained  by  the  coated-charcoal  adsorption 
method.  The  good  correlation  obtained  (Ta- 
ble I)  indicates  that  the  three  binders  are 
quantitatively  adsorbed  to  the  filters. 

The  selective  retention  of  TCII  by  the 
cellulose-nitrate  filters  is  shown  in  Tables  I 
and  II.  Removal  of  TCII  with  Quso  G32 
resulted  in  reduction  of  90%  or  more  of  the 
radioactivity  retained  by  the  cellulose-ni- 
trate filter  (Table  1).  Furthermore,  the  ra- 
dioactivities of  fractions  from  Sephadex  G- 
200  column  containing  TCII  only  were  re- 
tained exclusively  by  the  cellulose-nitrate 
filters  (Table  II).  On  the  other  hand,  Quso 
G32  treatment  did  not  reduce  significantly 
the  radioactivities  adsorbed  to  the  DE-81 
filters,  except  for  the  serum  from  one  CML 
patient  (C.G.),  to  be  dealt  with  separately 
(Table  1).  Also  the  radioactivities  of  the 
Sephadex  G-200  fractions  containing  both 
TCI  and  TCIII  were  adsorbed  quantitatively 
to  the  DE-81  filters  (Table  II). 

The  capacities  of  each  filter-type  to  retain 
the  respective  transcobalamins  from  in- 
creasing amounts  of  sera  is  shown  in  Fig.  1 . 
As  seen,  a  quantitative  and  selective  adsorp- 
tion was  obtained  with  up  to  0.015  ml  of 
serum;  when  higher  amounts  of  serum  were 
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used  the  retention  was  not  as  quantitative 
due  to  the  exclusion  of  the  B,2  binders  from 
the  filters  by  the  serum  proteins. 

Selective  desorption  of  TCIII  from  the 
DE'8]  filters.  The  DE-81  filters  to  which 
both  TCI  and  TCIII  adsorb  are  chemically 
similar  to  the  granular  DE-52,  which  is  used 
for  the  separation  of  the  two.  However, 

TABLE  I.  Unsaturated  B,2  Binding  Capacity 

(UBBC)  OF  Various  Sera  as  Determined  by  the 

Filter  Stack  and  the  Charcoal  Adsorption 

Method." 


UBBC 

(pe/ml 

serum) 

Ouso 

Filter  stack 

Cellu- 

Total 

G32 

lose- 

(CN  + 

treat- 

nitrate 

DE- 

DE- 

Char- 

Subject 

ment 

(CN) 

81 
110 

81) 
1860 

coal 

H.I.  (normal) 

- 

1750 

1800 

+ 

150 

110 

260 

300 

S.l.  (normal) 

- 

715 

1100 

1815 

1900 

+ 

85 

900 

985 

900 

C.G.  (CML) 

- 

850 

1800 

2650 

2800 

+ 

90 

1400 

1490 

1490 

R.P.  (CML) 

- 

370 

5500 

5870 

5700 

+ 

0 

5600 

5600 

5650 

E.R.  (PV) 

- 

800 

3500 

4300 

4500 

-1- 

70 

3560 

3630 

3540 

G.I.(PV) 

- 

770 

3900 

4760 

4800 

-1- 

35 

3800 

3835 

3750 

"  Sera  (0.02  ml)  were  incubated  for  30  min  at  37** 
with  "Co  B,2  (150  pg)  and  0.1  M  sodium  borate  buffer 
(pH  8.5)  in  a  total  volume  of  0.4  ml.  Half  of  the 
incubation  mixture  was  tested  for  UBBC  by  removing 
unbound  radioactivity  with  the  coated  charcoal  (See 
Materials  and  Methods).  The  other  half  was  assayed  by 
the  filter  stack  procedure  as  described.  Additional  sam- 
ples of  these  sera  were  treated  with  Quso  G32  prior  to 
incubation  and  UBBC  determination. 


since  the  retention  of  TCIII  by  DEAE-cel- 
lulose  is  weaker  than  that  of  TCI,  conditions 
were  explored  for  the  selective  desorption 
of  TCIII  from  the  DEAE  filters.  Several 
filter  stacks  to  which  the  transcobalamins 
from  sera  of  patients  with  CML  and  PV 
were  adsorbed,  were  subjected  to  further 
washing  with  phosphate  solutions  of  varying 
pH  and  molarity. 

While  TCII  was  strongly  retained  by  the 
cellulose-nitrate  filter  both  TCI  and  TCIII 
were  desorbed  to  a  different  degree  from 
the  DE-81  filters.  The  data  (Figs.  2  and  3) 


001 
Serum  (ml) 

Fig.  1 .  Retention  of  transcobalamins  by  the  filters 
of  cellulose-nitrate  and  DE-81  as  a  function  of  serum 
concentration.  Samples  of  sera  outlined  below  (0.08 
ml)  were  incubated  each  with  800  pg  of  "Co  B,2.  After 
adjusting  the  volume  to  8  ml  with  0.1  M  sodium  borate 
buffer  (pH  8.5),  aliquots  from  0.25  to  2  ml  were 
diluted  with  the  borate  buffer  and  passed  through  the 
filter  stacks  as  outlined  in  Materials  and  Methods.  (A) 
"Co  B,2  retained  by  the  cellulose-nitrate  filter;  (B) 
"Co  B,2  retained  by  the  DE-81  filters.  The  following 
sera  were  used:  A.I.  (normal),  x;  C.G.  (CML).  A;  and 
E.R.  (PV),  O, 


TABLE  11.  Adsorption  of  ^'Co  B,2-Transcobalamin  Complexes  to  Cellulose-Nitrate  and  DE-81 

Filters." 


Radioactivity  (cpm) 

Retained 

Cellulose- 

Subject 

Transcobalamin  types 

Added 

nitrate               DE-81 

R.G.  (Normal) 

TCII 

9000 

8550                    100 

R.P.  (CML) 

TCll 

8700 

8600                        0 

W.B.  (PV) 

TCII 

5600 

5600                        0 

R.G.  (Normal) 

TCI  +  TCIII 

2000 

0                  2000 

R.P.  (CML) 

TCI  (mainly)^  +  TCIII 

9300 

0                  9200 

W.B.  (PV) 

TClll  (mainlyX  +  TCI 

5900 

0                  5900 

"  The  sera  ( 1  ml)  were  incubated  with  a  subsaturating  concentration  of  "Co  B,2  (300  pg/ml)  and  fractionated  on 
columns  of  Sephadex  G-2()0  by  the  procedure  of  Hom  et  al.  (19).  Pooled  fractions  from  regions  of  high-(TCI  and 
TCIII)  and  low-(TCll)  molecular  weight  were  dialyzed;  the  contents  of  bags  were  concentrated  by  aeration  to 
about  2  ml.  then  redialyzed  against  distilled  water.  Aliquots  of  0.1  or  0.2  ml,  depending  on  the  radioactivity  of  the 
fractions,  were  passed  through  filter  stacks  at  pH  8.5,  and  the  radioactivity  of  each  filter  type  was  determined. 

*  90%  and  '80%  as  determined  by  DE-52  column  chromatography. 


FRACTIONATION    OF    SERUM    TRANSCOBALAMINS 


207 


100 


5        55  66  75  85 

a         pH  of  phosphate  solution  (0025M) 

Fig.  2.  Effect  of  pH  of  the  phosphate  solution  on 
elution  of  transcobaiamins  from  the  filter  stack.  Sam- 
ples of  sera  (0.1  ml)  were  incubated  with  1000  pg  of 
'"Co  B,2  in  presence  of  borate  buffer.  Final  volume  was 
2.0  ml.  Aliquots of  0.2  ml  were  diluted  with  the  borate 
buffer  (pH  8.5)  and  passed  through  filter  stacks  as 
described.  One  stack,  which  served  as  control,  was 
washed  further  with  15  ml  of  the  same  buffer  solution. 
The  others  were  washed  each  with  a  1 5-ml  solution  of  a 
different  pH  value  (varying  from  5.5  to  8.5)  of  0.025  M 
potassium  phosphate.  The  residual  radioactivity  of 
each  filter  type  was  compared  to  that  of  the  control 
(100%  retention).  The  dashed  line  in  the  figure  repre- 
sents the  residual  radioactivity  on  the  cellulose-nitrate 
filters  of  all  sera  tested.  Solid  lines  represent  residual 
radioactivities  on  the  DE-81  filters  of  the  following 
sera:  W.B.  (PV),  O;  G.L.  (PV),  x;  R.P.  (CML),  D; 
and  CD.  (CML)  A. 

-  100 


=         0  0  05 

«       Concentration    of  KH^PO^  solution  (M) 

Fig.  3.  Effect  of  phosphate  (KH2PO4)  concentra- 
tion on  elution  of  transcobaiamins  from  the  filters.  The 
experimental  procedure  and  symbols  used  were  as  de- 
scribed in  the  Legend  to  Fig.  2.  except  that  increasing 
concentrations  of  KH2PO4  (pH  4.6)  were  used  as 
eluant. 

show  that  the  retention  of  the  binder  which 
predominates  in  the  PV  sera  (TCIII)  was 
much  weaker  than  that  of  TCI,  the  main  B,2 
binder  in  CML.  Employing  a  pH,  at  which 
the  degree  of  ionization  of  the  phosphates  is 
minimal  (i.e.,  KH2PO4,  pH  4.6),  the  effect 


of  increase  in  the  concentration  of  the  wash 
solution  on  the  retention  of  the  B,2  binders 
was  tested  (Fig.  3).  The  data  in  this  figure 
suggested  that  TCIII  was  selectively  de- 
sorbed  from  the  filters  by  a  0.05  Af  KH2PO4 
solution;  at  this  concentration  most  of  the 
binder  from  the  PV  serum  was  removed,  yet 
that  of  the  CML  serum  was  mostly  retained. 
Confirmation  of  the  above  is  shown  in  Table 
III.  Sera  from  normal  subjects  and  from 
patients  with  CML  and  PV  were  treated 
with  Quso  G32  and  its  TCI  and  TCIII  com- 
ponents were  determined  after  DE-52  col- 
umn chromatography.  The  values  obtained 
were  either  similar  to  or  identical  with  those 
determined  by  the  filter  stack  using  0.05  M 
KH2PO4  solution  for  desorption  of  TCIII. 

The  UBBC  values  and  the  relative  distri- 
bution of  the  three  B,2  binders  in  normal, 
CML,  and  PV  sera  as  determined  by  the 
filter  stack  are  listed  in  Table  IV.  As  seen, 
these  sera  are  clearly  distinguishable  when 
assayed  by  the  described  filter  stack  proce- 
dure. 

TABLE  111.  Distribution  of  TCI  and  TCIII 
AFTER  Removal  of  TCII  by  Quso  032." 

Distribution  of  transcobaiamins 
(percentage) 


DE-52  col- 
umn 


Filter  stack 


Subject 


TCI    TCIII      Retained    Desorbed 


B.R.  (normal) 
B.B.  (normal) 
Z.M.  (normal) 

R.P.  (CML) 
E.X.  (CML) 
CD.  (CML) 

W.B.  (PV) 
J.J.  (PV) 
G.L.  (PV) 


23 
46 
43 

95 
91 
88 

19 

25 
21 


77 
54 
57 

5 

9 

12 

81 
75 
79 


22 
42 
44 

91 
90 

81 

22 
24 
26 


78 
58 
56 

9 

10 
19 

78 
76 
74 


"  All  sera  (1  ml  each)  were  treated  with  Quso  G32; 
0.5-ml  aliquots  were  incubated  with  150  pg  of  "Co  B,2 
and  the  TCI  and  TCIII  distribution  was  determined 
after  DE-52  column  chromatography.  Duplicate  sam- 
ples of  the  same  sera  (0.01  ml  each)  were  also  incu- 
bated with  "Co  B,2  (100  pg/0.01  ml),  then  passed 
through  the  filter  stack,  and  washed  with  borate  buffer. 
One  stack  from  each  duplicate  was  further  washed  with 
15  ml  of  0.05  M  KH2PO4  (pH  4.6).  There  was  no 
detectable  radioactivity  on  the  cellulose-nitrate  filters. 
The  percentage  of  transcobalamin  retained  by  the  DE- 
81  filters  was  calculated  from  the  radioactivities  ob- 
tained on  these  filters  prior  and  after  the  elution  with 
the  acid  phosphate  solution. 
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TABLE  IV.  UBBC  and  Percentage 

dlsttubunon  of  the  three  transcobalamins  of 

Various  Sera  as  Determined  by  the  Filter 

Stack." 


Subject 

UBBC 

(pg  B„/ml 
serum) 

TCII 

TCI 
(percentage] 

TCIII 

B.R.  (normal) 
B.B.  (normal) 
Z.M.  (normal) 

2300 
1760 
1900 

70 
81 
75 

7 

8 

11 

23 
11 
14 

H.Z.  (CML) 
E.X.  (CML) 
CD.  (CML) 

4430 
7000 
6660 

17 
30 
24 

80 
66 
65 

3 

4 

11 

E.N.  (PV) 
W.B.  (PV) 
H.S.  (PV) 

8600 
7000 
6300 

14 
12 
14 

19 
14 
10 

67 
74 
76 

"  The  experimental  procedures  were  as  described  in 
Table  III  except  that  treatment  with  Ouso  G32  was 
omitted. 


Discussion.  The  fractionation  of  the  three 
transcobalamins  found  in  human  serum  by 
the  described  filter  stack  can  be  regarded  as 
a  combination  of  several  procedures  which 
were  scaled  down  for  use  of  small  amounts 
of  sera. 

The  adsorption  of  TCII  to  the  cellulose- 
nitrate  filter  is  due  probably  to  nonelectro- 
static  attraction  of  the  binder  by  the  filter. 
The  pH  (8.5)  of  the  filtration  solution  is  too 
high  for  TCII  (p/,  5.4-6.6)  (27)  to  be  at- 
tracted by  electrostatic  forces  to  the  nega- 
tively charged  filter.  Consistent  with  the 
above  was  the  failure  of  potassium  phos- 
phate solutions  of  varying  pH  to  elute  TCII 
from  the  filter  (Figs.  2  and  3). 

The  treatment  with  solid  adsorbing  agents 
such  as  Quso  G32  yielded  similar  results, 
although  the  mechanism  of  adsorption  of 
TCII  is  probably  not  identical.  In  some 
cases,  of  which  one  is  given  in  Table  I 
(C.G.),  the  treatment  with  Quso  G32  re- 
sulted in  the  adsorption  of  more  transcobal- 
amin  than  observed  with  the  cellulose-ni- 
trate filter.  Further  information,  not 
brought  here,  indicates  that  the  extra  bind- 
ing adsorbed  to  the  Quso  G32  was  definitely 
not  due  to  TCII  and  it  represents  rather  the 
TCI-TCIII  group. 

Contrary  to  the  strong  adsorption  of  TCII 
to  the  cellulose-nitrate  filter,  that  of  TCI 
and  TCIII  to  the  DEAE-cellulose  filters  is 
due  to  electrostatic  attraction.  As  in  the  case 


of  DEAE-cellulose  column  chromatography 
specific  desorption  of  TCIII  is  achieved  be- 
cause of  the  weaker  retention  of  the  latter 
(p/,  3.4-4.0)  (6,  27)  by  the  DEAE  filters; 
thus,  a  solution  of  moderate  ionic  strength, 
such  as  0.05  M  KH2PO4  enables  TCIII  de- 
sorption without  eluting  TCI  (p/,  2.9-3.1) 
(6,  27). 

While  TCII  is  a  clearly  defined  and  dis- 
tinct protein  entity  (6),  TCI  and  TCIII  may 
be  fractions  of  the  same  protein,  varying  in 
their  isoelectric  mobilities  (27)  and  perhaps 
in  additional  properties.  Stenman  (27)  sug- 
gests that  the  latter  transcobalamins  be 
named  cobalophilins  rather  than  R  binders, 
as  no  definite  transport  function  can  as  yet 
be  ascribed  to  them  and  they  do  not  neces- 
sarily show  rapid  electrophoretic  mobility. 

The  filter  stack  method,  in  spite  of  its 
simplicity,  gave  similar  results  when  com- 
pared with  the  more  laborious  procedures 
such  as  the  combination  of  Quso  G32  and 
DEAE-cellulose  chromatography .  DEAE 
chromatography  alone  was  inferior  in  our 
hands  as  TCII  was  partly  retained  by  the 
column  and  was  eluted  together  with  TCI. 
The  method  described  is  not  only  simple, 
but  also  rapid,  and  over  100  samples  can  be 
tested  daily.  The  quantitative  distribution  of 
the  B12  binders  in  sera  from  various  patho- 
logical conditions  is  now  being  investigated 
on  a  larger  scale.  Also  effects  of  different 
drugs  currently  used  in  the  therapy  of  var- 
ious myeloproliferative  diseases  on  the  dis- 
tribution of  the  transcobalamins  will  be 
studied. 

Summary.  A  simple  and  rapid  fractiona- 
tion procedure  of  the  three  transcobala- 
mins, TCI,  TCII,  and  TCIII,  of  human  se- 
rum was  achieved  by  filtration  through  a 
stack  of  charged  cellulose  filters  composed 
of  one  cellulose-nitrate  and  three  DEAE- 
cellulose  (DE-81)  disks. 

A  reaction  mixture  containing  microliter 
amounts  of  serum  was  incubated  with  excess 
of  ^^Co  B,2  of  high  specific  activity,  diluted 
with  0.1  Af  sodium  borate  buffer  (pH  8.5), 
and  passed  through  the  filter  stack  by  apply- 
ing vacuum.  Under  these  conditions  TCII  is 
selectively  and  quantitatively  adsorbed  to 
the  cellulose-nitrate  filter  while  both  TCI 
and  TCIII  adsorb  to  the  DE-81  filters.  In 
the  second  step  TCIII  is  selectively  de- 
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sorbed  from  the  latter  filters  by  a  0.05  Af 
monopotassium  phosphate  solution  of  pH 
4.6. 

Using  sera  of  different  distribution  of 
transcobalamins  the  data  obtained  were 
comparable  to  those  determined  by  the 
more  laborious  methods  employing  DE-52 
column  chromatography  combined  with 
procedures  to  remove  TCII. 

This  work  was  supported  in  part  by  Grant  015.0187 
from  the  Joint  Research  Fund  of  The  Hebrew  Univer- 
sity and  Hadassah,  and  by  a  grant  from  The  Ministry  of 
Health  of  the  Government  of  Israel. 
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Many  experiments  today  involve  the  col- 
lection of  blood  samples  from  anesthetized 
animals.  Sometimes  when  these  data  are 
compared  to  those  obtained  from  conscious 
animals,  discrepancies  are  apparent.  It  is 
very  possible  that  some  artifacts  may  be 
introduced  by  anesthetics  because  they  are 
general  depressants.  For  this  reason  we  de- 
signed this  experiment  to  examine  if  there 
were  any  significant  differences  in  plasma 
estrogen  (E),  androgens  (A),  and  progestin 
(P)  concentrations  with  time  in  conscious 
and  anesthetized  animals.  Furthermore,  we 
compared  the  steroid  responses  between  an- 
imals injected  with  buffer  and  LH  because 
the  action  of  gonadotrophins,  the  release  of 
steroids,  and  the  action  of  anesthetics  all 
occur  at  the  membrane  level  (1,2).  Animals 
were  anesthetized  with  either  halothane  or 
sodium  pentobarbital  (Nembutal).  These 
anesthetics  were  chosen  because  they  are 
commonly  used  anesthetics  and  have  differ- 
ent modes  of  action  (3). 

Materials  and  methods.  Adult  female  rab- 
bits, weighing  3.5  to  5.0  kg,  which  had  free 
access  to  water  and  feed,  were  used.  At 
least  21  days  before  use,  rabbits  were  iso- 
lated in  individual  cages.  To  facilitate  the 
sampling  of  blood,  silastic  cannulas  were 
introduced  into  the  right  jugular  under  nem- 
butal anesthesia  and  externalized  dorsally 
between  the  ears.  Six  to  nine  animals  were 
used  for  each  treatment  group.  Rabbits 
were  randomly  assigned  to  one  of  three 
groups,  conscious,  nembutal-  or  halothane- 
anesthetized,  and  bled  two  days  after  the 
insertion  of  cannulas.  Anesthesia  was  in- 
duced by  either  injecting  (iv)  approximately 
2.5  cc  of  nembutal  (Holmes  Laboratories) 
or  by  inhalation  of  halothane  (Ayerst)  in  a 
close  circuit  (Foregger).  Initially  for  several 
minutes  halothane  and  oxygen  were  pre- 
sented at  a  rate  of  200  cc/A/%  and  L/M  but 


'  This  investigation  was  supported  by  USPH  Grant 
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were  then  reduced  to  5  cc/Af  %  and  0.250  L/ 
M  respectively.  The  level  of  anesthesia  was 
identical  to  that  used  for  general  surgery. 
Blood  was  removed  at  a  constant  rate  of  0.5 
ml  per  minute  by  means  of  an  infusion 
pump.  Animals  were  bled  for  15-min  inter- 
vals before  and  at  10  and  45  min  after  the 
injection  of  buffer  or  LH  (10  /Ltg/kg)  (NIH- 
818).  After  the  blood  was  centrifuged, 
plasma  was  removed,  frozen,  and  later  as- 
sayed for  E,  A,  and  P.  Statistical  analysis 
was  done  by  analysis  of  variance . 

Results.  In  Fig.  1  are  shown  the  E,  A,  and 
P  plasma  concentrations  before  and  after 
the  injection  of  buffer  into  rabbits  that  were 
either  conscious,  or  anesthetized  with  nem- 
butal or  halothane.  The  E  concentrations 
showed  no  time  or  treatment  effect.  On  the 
other  hand,  there  was  some  treatment  effect 
observed  for  A.  While  there  were  no  signifi- 
cant differences  between  conscious  and  hal- 
othane-anesthetized  animals,  plasma  levels 
were  significantly  different  (P  <  0.01)  be- 
tween the  nembutal  and  halothane-anesthe- 
tized  animals.  However,  the  greatest  treat- 
ment effect  was  noted  in  the  plasma  P  con- 
centrations. Here  the  P  levels  in  halothane- 
anesthetized  animals  were  significantly  {P  < 
0.01)  elevated  over  those  for  the  conscious 
and  nembutal-anesthetized  rabbits. 

In  the  second  experiment  we  were  curious 
to  see  if  the  conscious  or  anesthetized  condi- 
tion affected  the  steroid  levels  following  an 
injection  of  LH  (10  /ig/kg).  As  shown  in 
Fig.  2,  no  differences  were  observed  in  E 
concentration  among  the  various  treatments 
either  before  or  after  the  injection  of  LH.  In 
contrast,  significant  increases  (P  <  0.01)  in 
A  and  P  occurred  after  the  injection  of  LH. 
Though  there  was  a  further  increase  in  A 
and  P  with  time  (45-60-min  sampling  pe- 
riod), the  increase  was  not  significantly  dif- 
ferent from  the  previous  sampling  period 
(10-25-min).  A  and  P  concentrations  in  the 
conscious  and  anesthetized  animals  after 
LH  were  not  different.  In  other  words,  the 
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Fig.  I.  Peripheral  steroid  concentrations  in  conscious  and  nembutal-  and  halothane-anesthetized  animals 
before  and  after  the  injection  of  buffer,  n  Indicates  the  number  of  animals  used  in  each  group.  Vertical  bars 
indicate  standard  errors.  The  arrow  indicates  the  time  of  injection  of  buffer. 
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Fig.  2.  Peripheral  steroid  concentrations  in  conscious  and  nembutal-  and  halothane-anesthetized  animals 
before  and  after  the  injection  of  LH.  /i  Indicates  the  number  of  animals  used  in  each  group.  Vertical  bars  indicate 
standard  errors.  The  arrow  indicates  the  time  of  injection  of  LH. 


condition  of  the  animal  did  not  affect  the 
steroid  response  to  gonadotrophin  stimula- 
tion. 

Discussion.  In  these  experiments  we 
measured  plasma  E,  A,  and  P  concentration 
in  rabbits  that  were  either  conscious  or  anes- 
thetized with  nembutal  or  halothane.  We 
also  compared  steroid  responses  in  intact 
rabbits  injected  with  either  buffer  or  LH .  Of 
the  three  steroids  measured  plasma  E  levels 
were  not  altered  either  by  the  state  of  the 
animal  (conscious  or  anesthetized)  or  fol- 
lowing gonadotrophin  stimulation.  Since 
changes  in  E  levels  following  a  systemic  in- 
jection of  LH  as  measured  in  the  ovarian 
venous  blood  increase  only  twofold  (unpub- 


lished data),  it  is  not  surprising  that  there  is 
no  change  in  peripheral  plasma  E  concen- 
trations following  LH.  Similarly,  any 
changes  caused  by  anesthesia  may  be  so 
minute  as  not  to  be  observed  in  the  periph- 
eral plasma.  On  the  other  hand,  A  levels 
were  slightly,  but  not  significantly,  elevated 
under  halothane  anesthesia  in  Experiment 
1 .  For  some  unexplainable  reason  this  re- 
sponse was  not  seen  in  the  first  group  of 
samples  taken  in  the  second  experiment  (see 
Fig.  2)  before  the  injection  of  LH.  This 
variation  in  A  levels  may  reflect  the  varia- 
tion among  the  animals  or  may  result  from 
the  pooling  of  the  data.  The  slightly  ele- 
vated  androgen   levels  observed   in   halo- 
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thane-anesthetized  animals  in  Experiment  1 
do  agree  with  the  results,  but  not  the  inter- 
pretation, of  Free  and  Tillson  (4).  They 
measured  secretion  rates  of  testosterone  in 
conscious  and  halothane-anesthetized  rats 
and  observed  slightly  lower  testosterone  lev- 
els in  the  conscious  rats  which  they  attri- 
buted to  stress  in  the  conscious  rats.  On  the 
other  hand,  while  we  did  not  observe  any 
highly  significant  changes  in  A  levels, 
Oyama  (5)  and  Oyama  et  al.  (6),  reported 
that  testosterone  concentrations  in  human 
plasma  decreased  12%  from  control  values 
during  45  min  of  halothane  anesthesia  and 
continued  to  fall  to  80%  of  the  preinduction 
levels.  These  low  values  continued  to  fall 
and  persisted  for  1  week  postoperatively.  It 
is  difficult,  if  not  impossible,  to  draw  any 
comparison  among  these  experiments  be- 
cause of  differences  in  species  and  anes- 
thetics used,  sampling  procedures,  levels  of 
surgical  stress,  and  duration  of  the  anesthe- 
sia. 

P  concentrations  in  the  halothane-anes- 
thetized rabbits  were  significantly  elevated 
over  those  measured  in  conscious  and  nem- 
butal-anesthetized  rabbits  in  Experiment  1 . 
In  Experiment  2,  in  which  rabbits  were  in- 
jected with  LH,  this  treatment  effect, 
though  most  likely  present,  was  overridden 
by  the  tremendous  increase  in  P  levels  fol- 
lowing gonadotrophin  stimulation.  These 
significant  differences  in  P  levels  in  Experi- 
ment 1  between  the  nembutal  and  halo- 
thane anesthetized  rabbits  may  reflect  the 
different  physiological  response  to  the  two 
anesthetics.  While  nembutal  is  a  barbiturate 
and  general  depressant,  halothane,  a  volta- 
tile  anesthetic,  induces  delirium  unless  seda- 
tion is  first  induced  by  a  barbiturate . 

In  conclusion,  we  found  that  P  levels  were 
elevated  in  animals  anesthetized  with  halo- 
thane. This  highly  significant  increase  in  P, 
but  not  in  E  and  A,  may  be  the  result  of 
stress.  We  are  now  investigating  whether 
the  ovary  or  the  adrenal  is  the  principal 
source  of  the  elevated  P  levels  in  halothane- 


anesthetized  animals.  However,  one  must 
be  cautious  in  extrapolating  these  results  to 
other  species  because  of  species  differences 
and  the  lack  of  sufficient  data  regarding  hor- 
monal responses  following  induction  of  an- 
esthesia. 

Summary.  The  ovarian  steroids,  estrogen, 
androgen,  and  progestin,  were  measured  in 
the  peripheral  plasma  of  adult  female  rab- 
bits that  were  either  conscious  or  anesthe- 
tized with  sodium  pentobarbital  (nembutal) 
or  halothane.  Concentrations  of  estrogen, 
androgens,  and  progestin  were  determined 
before  and  at  10  and  45  min  after  systemic 
injection  of  either  buffer  or  LH .  In  the  con- 
trols androgen  levels  were  significantly  dif- 
ferent between  animals  anesthetized  with 
nembutal  and  halothane.  However,  the 
greatest  treatment  effect  was  noted  in 
plasma  progestin  concentrations  which  were 
significantly  elevated  in  halothane-anesthe- 
tized animals  in  comparison  to  the  conscious 
and  nembutal-anesthetized  animals.  Follow- 
ing LH,  the  androgen  and  progestin  levels 
were  significantly  elevated  over  basal  levels. 
Most  likely  the  treatment  effect  observed  in 
the  controls  was  still  present  but  was  over- 
ridden by  the  increased  release  of  steroids 
following  gonadotrophin  stimulation.  This 
study  suggests  that  halothane,  in  contrast  to 
nembutal,  does  significantly  elevate  periph- 
eral progestin  and  androgen  levels. 
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of  Intravenous  C-Terminal  Octapeptide  of  Cholecystokinin  and  Intraduodenal 
Ricinoleic  Acid  on  Contractile  Activity  of  the  Dog  Intestine  (39363) 
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tractions  of  the  circular  smooth  mus- 
the  gastrointestinal  (GI)  tract  are  re- 

substantially  in  the  unanesthetized 
ter  oral  cathartic  doses  of  castor  oil 

order  to  study  further  the  source  of 
ooth  muscle  inhibition,  we  conducted 
s  of  experiments  in  which  the  active 
lent  of  castor  oil,  ricinoleic  acid  (12- 
Lyoleic  acid),  was  infused  directly  into 
3denum  of  dogs  previously  fed  a  meat 
[2).  After  a  brief  (<2  min),  initial 
ition,  the  fatty  acid  produced  a  pro- 

(20  min)  inhibition  of  food-induced 
ctile  activity  over  a  considerable  por- 
'  the  GI  tract.  Ricinoleic  acid,  there- 
ifused  into  the  lumen  of  the  proximal 
intestine  altered  muscle  contractions 
is  of  the  GI  tract  removed  from  the 
n  site.  This  suggested  that  the  effects 
tor  oil  and  ricinoleic  acid  on  GI 
1  muscle  in  vivo  were  mediated  indi- 

possibly  by  a  duodenal  hormone. 

study  was  conducted  to  compare  the 
;s  in  ongoing  digestive  contractile  ac- 
after  intraduodenal  (ID)  administra- 

ricinoleic  acid  and  intravenous  injec- 

the  C-terminal  octapeptide  of  chole- 
inin  (CCK-OP).  We  have  found  that 
rocedures  produce  similar  changes  in 
gestive  contractile  patterns  of  the 
intestine  and  that  the  initial  stimula- 
sponse  after  both  procedures  is  medi- 
irough  a  cholinergic  mechanism. 
?rials  and  methods.  Extraluminal 
gage  transducers  were  implanted  in 
ale,  mixed  breed  dogs  weighing  10 
I  kg.  The  procedure  was  performed 

aseptic  surgical  conditions  with  the 
s  anesthetized  with  sodium  pentobar- 
30  mg/kg  iv).  A  detailed  account  of 
Licer  construction   and   implantation 

ent  address  for  John  J.  Stewart:  Department 
nacology.  The  University  of  Texas  Medical 
t  Houston,  6400  West  Cullen  Street,  Houston, 
'025. 


has  been  published  (3).  The  units  were  sewn 
onto  the  serosal  surface  of  the  organ  to  be 
studied  along  the  transverse  axis  to  monitor 
the  contractile  activity  of  the  circular 
smooth  muscle.  Eight  transducers  were  im- 
planted in  each  animal  and  positioned  on 
the  proximal  jejunum  (6  and  12  cm  caudad 
to  the  ligament  of  Treitz),  on  the  middle 
jejunum  (60  and  66  cm  caudad  to  the  liga- 
ment of  Treitz),  on  the  terminal  ileum  (14 
and  20  cm  orad  to  the  ileocecal  valve),  and 
on  the  proximal  colon  (6  and  1 2  cm  caudad 
to  the  ileocecal  valve).  In  addition,  each 
animal  was  implanted  with  a  duodenal  can- 
nula placed  approximately  8  cm  distal  to  the 
gastroduodenal  junction.  The  contractile 
activity  of  the  circular  smooth  muscle  was 
recorded  by  a  Beckman  Dynograph  (Type 
R411). 

The  animals  were  housed  in  a  constant 
temperature  environment  and  were  main- 
tained on  a  12-hr  light-dark  cycle.  They  had 
access  to  water  ad  libitum  and  received  a 
daily  ration  of  dry  dog  food.  Experiments 
were  performed  on  the  unanesthetized  ani- 
mals no  sooner  than  10  days  after  surgery. 
Experiments  were  begun  between  1  and  3 
PM,  and  the  animals  lay  quietly  in  a  limited 
access  laboratory  for  the  duration  of  each 
experiment. 

One-half  hour  before  each  experiment 
the  animal  was  fed  200  g  of  canned  dog  food 
to  induce  continuous  contractile  activity  in 
the  areas  monitored.  Alterations  in  diges- 
tive contractile  patterns  were  studied  after 
the  following  procedures:  1)  iv  bolus  injec- 
tion of  CCK-OP,  50  or  500  ng/kg;  2)  re- 
peated iv  bolus  injections  of  CCK-OP  (50 
ng/kg)  spaced  at  5-min  intervals;  3)  multiple 
ID  bolus  infusions  of  sodium  ricinoleate 
(500  mg,  Pfaltz-Bauer,  Inc.)  at  5-min  inter- 
vals; 4)  the  action  of  atropine  sulfate  (100 
Mg/kg  sc)  on  the  motor  effects  produced  by 
iv  CCK-OP  or  ID  ricinoleic  acid;  5)  the 
action  of  hexamethonium  (10  mg/kg  sc)  on 
the  motor  effects  of  ID  ricinoleic  acid.  For 
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procedure  3,  the  sodium  salt  of  ricinoleic 
acid  was  dissolved  in  30  ml  of  isotonic  saline 
and  infused  into  the  duodenal  cannula  over 
a  2-min  period.  A  30-ml  volume  of  isotonic 
saline  adjusted  to  the  pH  of  the  fatty  acid 
solution  (9.5)  served  as  control.  Each  pro- 
cedure was  repeated  at  least  twice  in  each 
animal. 

Results.  CCK-OP  produced  a  biphasic  re- 
sponse when  given  as  an  iv  bolus  (Fig.  1). 
At  50  ng/kg,  there  was  an  initial  stimulation 
of  digestive  contractile  activity  in  the  proxi- 
mal and  middle  jejunum  followed  by  a  post- 
stimulatory  inhibition  (PSI).  The  digestive 
patterns  of  the  terminal  ileum  and  proximal 
colon  were  unaffected.  A  tenfold  increase  in 
dose  (500  ng/kg)  produced  a  greater  initial 
stimulation  followed  by  a  longer  PSI.  In 
contrast  to  the  lower  dose,  the  higher  dose 
affected  all  areas  (Fig.  1).  The  higher  dose 
also  caused  the  animals  to  lose  conscious- 
ness momentarily,  apparently  due  to  a  fall  in 
blood  pressure. 

Repeated  iv  bolus  injections  of  CCK-OP 
always  induced  the  characteristic  response 
(Fig.  2,  upper  tracings)  of  initial  stimulation 
followed  by  post-stimulatory  inhibition.  ID 
bolus  infusion  of  ricinoleic  acid  affected 


digestive  activity  in  exactly  the  same  man- 
ner. However,  repeated  ID  infusions  of  the 
fatty  acid  produced  increasingly  diminished 
stimulatory  responses  (Fig.  2,  bottom  trac- 
ings). The  reduced  responses  following  the 
second  and  third  ID  infusion  of  ricinoleic 
acid  occurred  after  an  increased  time  pe- 
riod. ID  infusion  of  control  saline  did  not 
affect  digestive  contractile  activity. 

Atropine  completely  antagonized  the  mcv 
tor  effects  of  iv  CCK-OP  and  ID  ricinoleic 
acid  (Fig.  3,  upper  tracings);  hexametho- 
nium  only  partially  antagonized  the  effects 
of  ID  ricinoleic  acid  (Fig.  3,  bottom  trac- 
ings). 

Discussion.  The  gastrointestinal  hor- 
mone, cholecystokinin,  is  released  into  the 
peripheral  circulation  by  the  presence  of 
fatty  acids  or  amino  acids  in  the  lumen  of 
the  small  intestine  (4,5).  Both  the  hormone 
and  its  C-terminal  octapeptide  have  been 
found  to  stimulate  the  contractile  activity  of 
the  small  intestine  and  colonic  smooth  mus- 
cle (6-9).  These  effects  have  been  con- 
firmed in  the  present  study.  However,  we 
make  three  additional  observations  regard- 
ing the  motor  actions  of  CCK-OP  adminis- 
tered by  rapid  iv  bolus:  1)  the  proximal  and 
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Fig.   1 .  The  effects  of  iv  bolus  injection  of  CCK-OP  (50  and  500  ng/kg)  on  the  digestive  contractile  activity  of 
the  proximal  (PJ)  and  middle  jejunum  (MJ),  terminal  ileum  (Tl),  and  proximal  colon  (PC). 
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Fig.  2.  The  top  tracings  show  the  effects  of  six  successive  iv  bolus  injections  of  CCK-OP  on  the  digestive 
contractile  activity  of  the  proximal  (PJ)  and  middle  jejunum  (MJ).  The  bottom  tracings  show  the  response  after  the 
first  and  the  diminished  stimulatory  responses  following  the  second  and  third  intraduodenal  (id)  bolus  infusions  (2- 
min  duration)  of  ricinoleic  acid  (RA).  Note  the  greater  time  period  required  for  the  responses  to  the  second  and 
third  intraduodenal  bolus  of  RA. 
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Fig.  3.  The  action  of  atropine  sulfate  on  the  effects  of  iv  CCK-OP  and  intraduodenal  ricinoleic  acid  (RA)  on 
the  digestive  contractile  activity  of  the  proximal  (PJ)  and  middle  jejunum  (MJ)  is  shown  in  the  top  tracings.  The 
bottom  tracings  demonstrate  the  inability  of  hcxamcthonium  to  antagonize  the  intraduodenal  ricinoleic  acid 
response  completely. 

middle  small  intestine  are  affected  prefcren-  the  motor  responses  evoked  by  infusion  of 
tially  by  lower  doses  of  the  compound;  2)  ricinoleic  acid  directly  into  the  duodenum, 
when  the  effects  of  iv  CCK-OP  are  superim-  The  latter  observation  suggests  that  the  mo- 
posed  upon  an  established,  physiologic  level  tor  effects  following  infusion  of  a  fatty  acid 
of  contractile  activity  induced  by  food,  the  into  the  proximal  small  intestine  may  result 
initial  stimulation  of  motor  activity  is  fol-  predominately  from  release  of  endogenous 
lowed  by  inhibition;  3)  the  motor  actions  of  cholecystokinin. 
iv  CCK-OP  showed  marked  similarities  to  The  motor  response  after  ID  ricinoleic 
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acid  was  similar  in  all  but  one  respect  to  the 
motor  effects  of  iv  CCK-OP.  Unlike  re- 
peated iv  administrations  of  the  octapep- 
tide,  successive  challenges  with  ID  fatty  acid 
failed  to  produce  continued  responses.  If 
the  stimulatory  motor  actions  of  ID  ricino- 
leic  acid  do  result  from  the  release  of  endog- 
enous cholecystokinin,  then  feeding  a  meat 
meal  and  the  subsequent  presence  of  the 
contents  in  the  small  intestine  must  not 
release  all  stores  of  the  hormone  com- 
pletely. It  may  require  repeated  infusion  of 
a  potent  releaser  of  cholecystokinin,  such  as 
a  fatty  acid,  directly  into  the  small  intestine 
to  exhaust  this  residual  store  of  hormone. 
The  greater  time  period  required  for  the 
diminished  responses  to  the  second  and 
third  ID  bolus  of  fatty  acid  might  result  from 
the  release  of  more  distal  stores  of  cholecys- 
tokinin. This  is  compatible  with  the  observa- 
tion that  releasable  cholecystokinin  extends 
beyond  the  most  proximal  small  intestine 
and  decreases  with  increasing  distance  from 
the  pylorus  (10).  Alternately,  the  failure  of 
continued  ID  infusions  of  ricinoleic  acid  to 
produce  a  response  might  result  from  a  de- 
sensitization  of  the  hormone  release  mecha- 
nism. 

The  stimulant  effect  of  cholecystokinin  on 
GI  smooth  muscle  appears  to  be  choliner- 
gically  mediated.  Recent  investigations 
present  evidence  that  CCK  interacts  with 
non-nicotinic  receptors  on  the  ganglion  cells 
of  Auerbach's  plexus  to  release  acetylcho- 
line at  neuroeffector  junctions  (1 1-13).  The 
present  investigation  supports  these  findings 
since  atropine  antagonized  the  stimulatory 
response  to  iv  CCK-OP.  Furthermore,  atro- 
pine, but  not  hexamethonium  antagonized 
the  motor  effects  of  ID  ricinoleic  acid.  Thus 
the  stimulatory  effects  of  both  ID  ricinoleic 
acid  and  iv  CCK-OP  are  mediated  by  a  cho- 
linergic mechanism. 

The  source  of  the  PSI  following  iv  CCK- 
OP  or  ID  ricinoleic  acid  noted  in  this  study 
is  unknown.  The  fact  that  the  response  was 
obtainable  after  both  procedures  suggests 
that  its  source  is  a  high  circulating  level  of 
cholecystokinin.  However,  the  PSI  response 
may  not  be  a  direct  action  of  the  hormone. 
Glucagon,  a  hormone  known  to  inhibit  mo- 
tor activity  of  the  small  intestine  (14,  15) 
is  released  into  the  circulation  during  high 
circulating   levels   of  cholecystokinin   (16, 


17)  and  may  be  the  ultimate  source  of  the 
response. 

Equal  quantities  of  oleic  acid  and  ricino- 
leic acid  infused  into  the  proximal  small  in- 
testine produce  similar  alterations  in  diges- 
tive contractile  patterns.  Quantitatively, 
however,  the  inhibitory  phase  of  the  re- 
sponse to  ricinoleic  acid  is  much  greater  (2). 
Similar  differences  are  noted  after  oral  ad- 
ministration of  the  fatty  acids.  Oral  oleic 
acid  (10  g)  alters  digestive  contractile  pat- 
terns briefly.  Oral  ricinoleic  acid  (10  g)  pro- 
duces a  prolonged  (4  to  6  hr)  inhibition  of 
digestive  contractile  patterns  after  which  the 
animal  produces  a  wet  stool  (2).  These  ob- 
servations indicate  that  the  major  difference 
in  the  motor  patterns  induced  by  a  diarrheo- 
genic  and  nondiarrheogenic  fatty  acid, 
either  orally  or  intraduodenally  adminis- 
tered, is  the  greater  ability  of  the  diarrheo- 
genie  fatty  acid  to  maintain  the  period  of 
circular  smooth  muscle  inhibition.  Whether 
this  difference  in  turn  reflects  differences  in 
hormone  releasing  ability  between  the  fatly 
acids  remains  to  be  determined. 

Summary.  Intraduodenal  infusion  of  ricin- 
oleic acid  and  iv  bolus  injection  of  the  C- 
terminal  octapeptide  of  cholecystokinin  pro- 
duce markedly  similar  alterations  in  the 
digestive  contractile  patterns  of  the  GI  tract 
of  the  unanesthetized  dog.  The  brief,  initial 
stimulation  of  contractile  activity  in  the 
proximal  small  intestine  following  both  pro- 
cedures is  mediated  through  a  cholinergic 
mechanism.  The  stimulatory  response  is  fol- 
lowed by  an  inhibition  of  digestive  contrac- 
tile activity  of  unknown  origin.  These  obser- 
vations suggest  the  possibility  that  the  GI 
hormone,  cholecystokinin,  may  mediate  the 
intestinal  motor  response  evoked  by  infu- 
sion of  ricinoleic  acid  directly  into  the  proxi- 
mal small  intestine. 
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The  blood  pressure  response  of  patients 
with  low  renin  essential  hypertension  to 
drugs  which  interfere  either  with  the  synthe- 
sis of  adrenocortical  hormones,  or  with  the 
action  of  these  hormones  on  peripheral  tar- 
get organs,  suggests  that  hypersecretion  of 
an  as  yet  unidentified  mineralocorticoid  is 
causative  (1).  Recently,  it  has  been  found 
that  patients  having  that  disorder  excrete 
excessive  quantities  of  a  steroid,  16/3-hy- 
droxy-dehydroepiandrosterone  ( 1 6)3-OH- 
DHEA),  unlike  patients  with  either  nonhy- 
pertensive  disorders  or  other  forms  of  hy- 
pertension. Studies  on  the  urinary  Na/K  ra- 
tio of  adrenalectomized  rats  indicated  that 
the  steroid  possessed  one-fortieth  the  min- 
eralocorticoid activity  of  aldosterone,  sug- 
gesting that  this  steroid  might  be  responsible 
for  low  renin  essential  hypertension  (1). 

In  a  previous  study  we  reported  that  nei- 
ther 1  nor  2  mg/day  of  16^-OH-DHEA 
caused  hypertension  in  rats  sensitized  to 
mineralocorticoid  hypertension  by  monone- 
phrectomy  and  a  high  salt  intake  (2).  Under 
this  regimen,  however,  plasma  renin  activity 
(PRA)  was  maximally  depressed  even  in 
salt-loaded  control  rats,  doubtless  as  a  result 
of  the  salt  excess  (3),  thus  making  it  impos- 
sible to  determine  whether  the  steroid  had 
mineralocorticoid  effects  on  this  function. 

The  present  experiment  was  designed  to 
compare  PRA,  blood  pressure,  and  organ 
weight  changes  in  kidney  intact  rats  on  a 
normal  salt  intake  with  equipotent  mineral- 
ocorticoid dosages  of  deoxycorticosterone 
acetate  (DOCA)  and  16)3-OH-DHEA. 

Materials  and  methods.  Female  SPD  rats 
were  obtained  from  ARS  Sprague-Dawley 
Company.  They  were  divided  into  groups  as 
indicated  in  Table  L  Animals  of  groups  1,2, 

'  Supported  by  Grants  No.  HL  0991 1  and  No.  HL 
15319  from  the  National  Heart  and  Lung  Institute,  and 
from  the  American  Heart  Association,  Texas  Affiliate. 


and  3  received,  respectively,  3.125  mg  of 
DOCA  in  sesame  oil,  5  mg  of  16/3-OH- 
DHEA  diacetate  in  oil,  and  oil  vehicle  only 
by  subcutaneous  injection  once  daily. 
DOCA  treatment  causes  hypertension  in 
rats  having  both  kidneys  and  on  a  normal 
diet  (4).  However,  we  have  found  that  re- 
gardless of  the  dosage  employed,  treatment 
must  be  continued  for  at  least  3  weeks  in 
order  to  obtain  a  significant  incidence  of  the 
disorder  (unpublished  observations).  There- 
fore, the  dosage  of  16/3-OH-DHEA  was 
determined  as  the  maximal  daily  dosage  that 
could  be  given  for  3  weeks,  with  the  quan- 
tity available.  The  dosage  of  DOCA  was 
then  set  at  0.625  of  that  amount,  a  quantity 
greatly  in  excess  of  that  required  to  cause 
hypertension  (4),  since  the  steroids  have 
been  assigned  mineralocorticoid  activities, 
respectively,  one-fortieth  and  one-twenty- 
fifth  that  of  aldosterone.  The  animals  were 
individually  caged  in  temperature-con- 
trolled quarters  and  given  Purina  Labora- 
tory Chow  and  tap  water  ad  libitum. 

The  systolic  pressure  of  unanesthetized 
animals  was  taken  on  the  twenty-third  day, 
using  a  PE-300  Programmed  Electrosphyg- 
momanometer  and  appropriate  modules  at- 
tached to  a  DMP-4B  Physiograph  (Narco 
Biosystems,  Inc.,  Houston,  Texas).  Values 
above  1 50  mm  Hg  were  regarded  as  hyper- 
tensive. 

16/3-OH-DHEA  was  synthesized  accord- 
ing to  the  method  of  Aoki  et  al.  (5).  The 
steroid,  obtained  as  the  diacetate,  proved  to 
have  physical  properties  identical  to  an  au- 
thentic sample  obtained  from  Steraloids  and 
to  yield  on  hydrolysis  a  compound  that  was 
indistinguishable  from  a  sample  of  1 6)3-OH- 
DHEA  provided  by  Dr.  Kirk  from  the  Ste- 
roid Reference  Collection  (Lx)ndon). 

At  the  end  of  each  week  the  rats  were 
individually  placed  in  metabolism  cages  for 
24  hr  for  urine  collection.  During  this  pe- 
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TABLE  1.  Pertinent  Findings  in  Rats  Treated  with  DOCA  or  16/8-OH-DHEA. 


DOCA 

16i8-OH.DHEA 

Controls 

umber  of  animals 

6 

7 

6 

cxiy  vvi  (g) 

Initial 

101 

±  1° 

102  ± 

2 

100 

±  2 

Final 

169 

±  7 

183  ± 

1 

183 

±  3 

rine  volume  (ml/24  hr) 

Week  1 

10.7 

±  2.1* 

5.4  ± 

0.9 

4.3 

±  0.8 

Week  2 

7.9 

±  1.2 

5.0  ± 

0.4 

5.8 

±  0.6 

Weeks 

8.8 

±  0.6 

6.1  ± 

1.2 

7.4 

±  0.7 

/stolic  pressure  (mm  Hg) 

157 

±  10* 

120  ± 

3 

128 

±  5 

eart  rate  (/min) 

345 

±  15 

399  ± 

5 

368 

±  22 

RA 

0.08 

±  0.04* 

1.5  ± 

0.3 

1.8 

±  0.2 

rgan  wt  (mg/100  g 

body  wt) 

Hearr 

343 

±  9* 

265  ± 

6* 

289 

±  6 

Kidneys 

900 

±  23* 

744  ± 

22 

762 

±  27 

Thymus 

128 

±  20 

119  ± 

9* 

143 

±  5 

Adrenals 

24.6 

±  1.1 

25.0  ± 

0.9 

27.8 

±  1.1 

an  ±  SEM. 

ferent  from  controls  (P  <  0.05). 

itricles  only. 


ater,  but  not  food,  was  available, 
animals  were  killed  by  rapid  decapi- 
on  the  twenty- fourth  day,  and  trunk 
was  collected  within  5  sec  into  chilled, 
nized  flasks.  It  was  then  transferred 
lastic  vials  and  frozen  at  -20°,  where 
lained  until  plasma  renin  activity 
)  was  measured  by  the  method  of  Pet- 
er al.  (6)  and  expressed  as  nanograms 
^iotensin  generated  per  milliliter  of 
I  per  hour  of  incubation. 
ills.  Measurement  of  24-hr  urine  out- 
uring  the  experiment  revealed  that 
V-treated  rats  tended  to  excrete  larger 
volumes  than  controls,  whereas  rats 
16i3-OH-DHEA  did  not  (Table  I), 
the  twenty-third  day,  DOCA-treated 
id  become  hypertensive,  average  sys- 
ressure  of  the  group  being  157  ±  10 
[g.  This  contrasted  with  128  ±  5  in 
Is  and  120  ±  3  in  those  given  16/3- 
HEA.  The  heart  rate  varied  inversely 
le  blood  pressure,  the  respective  val- 
ing  345  ±  15,  368  ±  22,  and  399  ±  5 
min  (Table  I). 

ma  renin  activity  of  control  rats 
I  1.1-2.7  (av.  1.8  ±  0.2)  ng/ml/hr. 
ompared  with  0.0-0.3  (av.  0.08  ± 
in  DOCA-treated  rats  and  0.7-3.1 
.5  ±  0.3)  ng/ml/hr  in  rats  given  16/3- 
HEA  (Table  I). 

an  weights  revealed  a  significant  en- 
lent  of  hearts  and  kidneys  in  DOCA- 
I  rats  whereas  these  organs  in  rats 


given  16/3-OH-DHEA  were  slightly  smaller 
than  in  controls.  There  were  no  significant 
differences  between  thymus  or  adrenal 
weights  in  any  of  the  groups  (Table  I). 

Discussion.  Despite  the  fact  that  3.125 
mg  of  DOCA  should  have  equivalent  miner- 
alocorticoid  potency  to  5  mg  of  16/3-OH- 
DHEA,  assuming  that  the  respective  levels 
of  activity  were  one-twenty-fifth  and  one- 
fortieth  that  of  aldosterone  as  reported,  the 
former  caused  hypertension,  enlargement  of 
hearts  and  kidneys,  and  a  reduction  of 
plasma  renin  activity  to  undetectable  levels, 
whereas  the  latter  had  no  such  effects. 

Our  previous  studies  have  shown  that 
16/3-OH-DHEA  had  no  detectable  effects 
at  either  1  or  2  mg/day  on  blood  pressure  or 
organ  weight  of  salt-loaded  mononephrec- 
tomized  rats.  Fundcr  etal.  (7)  have  reported 
that  it  has  negligible  affinity  for  mineralo- 
corticoid  binding  sites  in  the  rat  kidney. 
Both  Edelman  (personal  communication) 
and  Higgins  (personal  communication)  have 
found  it  to  have  no  effect  on  sodium  trans- 
port in  the  isolated  toad  bladder.  Finally,  we 
have  been  unable  to  detect  significant  min- 
eralocorticoid  activity  in  this  steroid  in  two 
different  rat  bioassay  systems  (<0.1  that  of 
aldosterone). 

Taken  together,  these  findings  would  sug- 
gest that  16/3-OH-DHEA  is  essentially  bio- 
logically inert  as  a  mineralocorticoid.  If  so, 
there  is  little  reason  to  assume  that  it  could 
directly  have  anything  to  do  with  the  genesis 
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of  low  renin  essential  hypertension.  It 
could,  of  course,  be  a  metabolite  of  some 
other  steroid,  presumably  of  adrenal  origin, 
which  has  blood  pressure  elevating  proper- 
ties. 

Alternatively,  although  possessing  insig- 
nificant mineralocorticoid  properties  of  its 
own,  16/3-OH-DHEA  might  potentiate  the 
activity  of  other  steroids;  such  behavior  has 
recently  been  described  for  16a,  18  dihy- 
droxy-deoxycorticosterone,  a  metabolite  of 
18  hydroxy-deoxycorticosterone.  The  me- 
tabolite, at  a  dosage  of  10  /xg,  did  not  pro- 
mote sodium  retention  in  adrenalectomized 
rats,  although  the  same  dosage  greatly  en- 
hanced the  sodium  retention  resulting  from 
the  administration  of  50  /xg  of  aldosterone. 
Interestingly,  the  adrenal  glands  from  pa- 
tients with  low  renin  essential  hypertension 
converted  the  precursor  into  the  metabolite 
under  in  vitro  conditions  from  four  to  five 
times  more  effectively  than  did  control  adre- 
nals (8).  This  raises  the  possibility  that  the 
disease  might  be  caused  by  steroids  which 
potentiate  the  activity  of  mineralocorti- 
coids,  rather  than  playing  a  direct  causative 
role. 

Summary.  Intact  female  Sprague-Daw- 
ley  rats  were  given  daily  injections  of  either 
3.125   mg  of  deoxycorticosterone  or  5.0 


mg  of  160-hydroxy-dehydroepiandroster- 
one,  calculated  from  the  activities  reported 
for  each  to  be  equivalent  mineralocorticoid 
dosages.  The  former  caused  hypertension, 
cardiorenal  enlargement,  increased  urine 
output  and  depressed  PR  A.  Treatmeni 
with  16/8-OH-DHEA  had  no  such  effect, 
raising  questions  regarding  its  classification 
as  a  mineralocorticoid. 
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ently  we  showed  with  the  use  of  lipo- 
probes  (tetraalkylammonium  bro- 
)  that  the  NADH  dehydrogenase  site 
ore  lipophilic  than  the  succinate  dehy- 
lase  site  (1)  or  other  flavin-linked  res- 
ry  sites  (2)  in  the  inner  membrane  of 
er  mitochondria.  We  considered  that 
sponse  of  these  receptor  sites  to  a 
ilic  probe,  tetrabutylammonium  bro- 
might  be  invariant  with  respect  to  the 
Df  origin  since  these  sites  are  essential 
energy  metabolism  of  all  aerobic  tis- 
^or  example,  Carafoli  and  Lehninger 
)wed  that  another  energy-linked  proc- 
ilcium  accumulation,  occurred  uni- 
in  mitochondria  from  diverse  tissues 
ebrates. 

lis  communication  we  report  that  the 
ilic  (hydrophobic)  nature  of  the 
\  dehydrogenase  and  succinate  dehy- 
lase  sites  differed  in  mitochondria 
ed  from  heart,  spleen,  liver,  kidney, 
ain;  there  was  no  association  between 
e  lipophilicity  parameters  and  em- 
gical  origin  of  the  tissues. 
trials  and  methods.  Hepatic  mito- 
■ia  were  prepared  from  male 
le-Dawley  rats  as  described  previ- 
;i);  the  same  procedure  was  used  to 
mitochondria  from  spleen,  heart,  and 
.  Brain  mitochondria  were  prepared 
ing  to  Ozawaera/.  (4).  Mitochondria 
mt  for  a  single  assay  of  respiratory 
I  (equivalent  to  2.5  mg  of  mitochon- 
TOtein)  were  obtained  from  0.4  g  of 
0.1  gof  liver,  0.3  g  of  kidney,  0.4  g  of 
,  and  0.9  g  of  brain.  (The  method  for 
nitochondria  affords  a  relatively  poor 
but  was  chosen  for  its  rapidity  and 
inctional  quality  of  the  isolated  organ- 
Approximate  fresh  weights  of  these 
in  a  single  200-250  g  rat  were:  1  g 
t,  11  gof  liver,  2.5  gof  kidneys,  0.8  g 
en,  and  1.7  g  of  brain.  Respiratory 


rates,  respiratory  control  ratios  (RCR),  and 
mitochondrial  protein  were  determined  as 
previously  reported  (1,  5).  Tetrabutylam- 
monium bromide  was  a  product  of  Eastman 
Organic  Chemicals.  Substrates  and  other 
biochemicals  were  purchased  from  Sigma 
Chemical  Co. 

Results  and  discussion.  Variations  in  res- 
piratory properties  were  recorded  for  mito- 
chondria obtained  from  heart,  liver,  kidney, 
spleen,  or  brain  (Table  I).  For  example, 
using  glutamate  as  substrate  in  the  absence 
of  phosphate  acceptor  (state  4),  the  relative 
rates  of  oxygen  consumption  were:  brain  > 
kidney  >  heart  =  liver  =  spleen.  This  rank- 
ing referred  to  the  effectiveness  of  NADH 
dehydrogenase  and  it  was  not  determined 
specifically  by  the  glutamate  dehydrogenase 
activity  of  the  respective  tissue.  (Unpub- 
lished data  indicated  that  the  tissue  order  of 
activity  for  glutamate  dehydrogenase  in  the 
rat  was:  liver  >  kidney  >  heart  >  brain.) 
With  respect  to  succinate  oxidation  during 
state  4  respiration,  the  relative  rates  were: 
heart  =  kidney  >  brain  >  liver  =  spleen. 
Mitochondria  from  spleen  were  the  most 
sluggish  toward  both  substrates  regardless 
of  metabolic  state  of  the  organelles. 

Addition  of  phosphate  acceptor  stimu- 
lated further  the  oxygen  consumption  of  mi- 
tochondria from  all  tissues  (state  3).  All 
mitochondrial  preparations  were  under  res- 
piratory control  (cf.  RCR)  thus  indicating 
that  structural  and  functional  integrity  of 
their  membranes  was  maintained  during  iso- 
lation. Of  the  five  tissues,  kidney  was  most 
responsive  to  addition  of  ADP  during  oxida- 
tion of  both  substrates.  The  relative  order  of 
the  mitochondrial  preparations  in  this  re- 
gard was:  kidney  >  heart  =  brain  >  liver  > 
spleen. 

Tetrabutylammonium  bromide,  a  probe 
of  mitochondrial  inner  membrane  lipophil- 
icity (1,  2),  was  used  to  characterize  the 
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TABLE  I.  Respiratory  Acttvities  of  Mitochondria  from  Various  Rat  Tissues.** 

Tissue 


Activity 


Heart 


Livei* 


Kidney 


Spleen 


Brain 


Glutamate  respiration 

State  4  11.5  ±1.8  10.7  ±  0.6  16.6  ±1.7  9.5  ±  1.2  20.4  ±  1.3 

State  3  72.1  ±  26.1  51.6  ±  4.2  77.0  ±  9.0  32.2  ±  4.8  71.2  ±6.0 

RCR  5.87  ±  1.38  4.86  ±  0.34  4.61  ±  0.08  3.34  ±  0.12  3.48  ±  0.12 

Succinate  respiration 

State  4                   99.1  ±  11.0           28.0  ±  2.3                92.4  ±  0.6  31.5  ±1.2  74.1  ±  5.8 

State  3                  184.6  ±  6.4              99.4  ±  5.7              314.9  ±  4.4  67.7  ±  3.9  157.4  ±  12.9 

RCR 1.89  ±0.13            3.27  ±0.11              3.41  ±  0.03  2.14  ±  0.05  2.13  ±  0.09 

"  Respiratory  rates  are  nanogram  atoms  of  oxygen  consumed  per  minute  per  milligram  of  mitochondrial 
protein.  RCR  is  the  ratio  of  the  respiratory  velocity  stimulated  by  ADP  to  the  velocity  obtaining  on  exhaustion  of 
ADP.  Means  ±  SE  for  at  least  four  preparations.  Conditions  were  those  of  Fig.  1 . 

*  Values  for  liver  are  from  reference  (7). 


influence  of  tissue  origin  on  the  lipophilic 
properties  of  the  membranal  sites  for 
NADH  dehydrogenase  and  succinate  dehy- 
drogenase. The  amphipathic  tetraalkylam- 
monium  cation  functions  selectively  and  re- 
versibly  (6)  as  an  inhibitor  of  phosphorylat- 
ing  oxidation  or  as  an  uncoupler,  depending 
on  concentration  (1).  Figure  1  presents  the 
effect  of  tetrabutylammonium  bromide  on 
respiratory  control  in  mitochondria  from  the 


different  tissues  during  glutamate  oxidation 
(NADH  dehydrogenase)  and  succinate  oxi- 
dation (succinate  dehydrogenase).  An  in- 
hibitor concentration  that  caused  a  specific 
depression  of  RCR  was  used  to  estimate  the 
lipophilic  character  of  the  respective  recep- 
tor site  (1).  The  concentration  required  for 
30%  depression  of  RCR,  /30,  was  selected 
here  for  comparisons  and  these  values  were 
summarized  in  Table  II  from  data  in  Fig.  1. 


KIDNEY 


HEART 


TBAB     (mM)  TBAB     (mM) 

Fig.  1 .  Depression  of  respiratory  control  ratio  (RCR)  by  tetrabutylammonium  bromide.  Oxygen  consumption 
(nanogram  atoms  of  oxygen  per  minute  per  milligram  of  mitochondrial  protein)  was  determined  polarographically 
at  30°  with  a  Clark  fixed  voltage  electrode.  The  3-ml  reaction  mixture  (pH  7.4)  contained  the  indicated 
concentration  of  tetrabutylammonium  bromide  (TBAB)  plus  0.33  M  mannitol,  3.5  mAf  potassium  phosphate,  3.5 
mM  KCl,  0.33  mM  EDTA,  4  mg  of  dialyzed  crystalline  bovine  serum  albumin.  1.4  mAf  L-glutamate  (•)  or 
succinate  (O),  and  mitochondria  from  kidney,  heart,  spleen,  or  brain  corresponding  to  2.5  mg  of  mitochondrial 
protein.  For  brain  mitochondria,  4  mM  substrate  and  0.1  M  KCl  were  substituted  in  the  reaction  mixture  for  their 
counterparts.  RCR  was  computed  as  the  ratio  of  the  respiratory  velocity  in  presence  of  0.4  /xmole  ADP  (added  in 
30- /xl  volume)  (metabolic  state  3)  to  the  velocity  after  exhaustion  of  ADP  (state  4).  Each  data  point  represents  the 
mean  of  at  least  four  mitochondrial  preparations.  The  standard  error  of  the  mean  was  equal  to  or  less  than  the 
diameter  of  each  data  symbol. 
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I  II.  Thirtt  Percent  Depression  (/jo)  by 
Tetrabuitlammonium  Bromide  of 
rrocHONDRiAL  Respiratory  Control. 


NADH  dehy- 
drogenase Site 
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concentration  of  tetrabutylammonium  bro- 
uired  for  30%  depression  of  respiratory  con- 
ig  glutamate  or  succinate  oxidation.  Condi- 
e  those  of  Fig.  1 . 
es  for  liver  are  from  reference  (1). 

ptor  site  was  considered  more  lipo- 
han  another  if  the  concentration  re- 
to  inhibit  the  first  was  less  than  that 
iry  for  identical  inhibition  of  the  sec- 
.  Based  on  that  assumption,  the  lipo- 
roperties  of  the  NADH  dehydrogen- 
in  mitochondria  from  heart  and  liver 
milar,  as  were  those  from  kidney  and 
However,  the  former  two  were  quite 
It  from  the  latter  pair.  This  site  was 
>ophilic  in  organelles  from  brain  and 
:cinate  dehydrogenase  site  in  brain 
3ndria  was  also  the  least  lipophilic  in 
ues  examined.  Moreover,  lipophilic 
eristics  of  the  succinate  dehydrogen- 

in  organelles  from  heart,  liver,  kid- 
id  spleen  were  relatively  equivalent 
variant.  Ranking  of  the  tissues  by  li- 
city  of  the  NADH  dehydrogenase  re- 
site  was  determined  by  properties  of 
e  per  se  and  not  by  glutamate  dehy- 
ase  susceptibilities  of  the  respective 
lies  since  in  hepatic  mitochondria,  for 
e,  indices  of  lipophilicity  were  the 
vhether  glutamate,  a-ketoglutarate, 
/droxybutyrate  served  as  respiratory 
te  (2).  On  the  other  hand,  receptor 
r  flavin-linked  substrates  (a-glycero- 
ate,  choline,  or  succinate)  were  de- 
gly  lipophilic  (2). 

relative  lipophilic  properties  of  the 
i  receptor  sites  could  not  be  corre- 
/ith  the  embryological  origin  of  the 
tissues  (i.e.  ectoderm,  mesoderm,  or 
:nn).  The  respiratory  capacities  and 
tic  characteristics  of  the  respective 
!  and  succinate  dehydrogenase  sites 
•e  related  in  an  as  yet  undisclosed 

to  metabolic  propensities  unique  to 


the  different  organs.  Dissimilarities  in  the 
lipophilicity  of  specific  inner  membranal 
sites  exist  in  mitochondria  from  different 
tissues  and  those  alterations  influence  asso- 
ciated energy-linked  functions.  Conse- 
quently, estimation  of  such  properties  in  an- 
imals subjected  to  various  experimental 
conditions  and  disease  states  subsequently 
may  permit  detection  of  membrane  abnor- 
malities which,  in  turn,  would  be  of  obvious 
interest  from  the  standpoint  of  understand- 
ing basic  mechanisms  of  disease. 

Summary.  Mitochondria  were  isolated 
from  heart,  liver,  kidney,  spleen,  and  brain 
of  the  rat.  With  overall  regard  to  both  rest- 
ing and  activated  respiratory  velocities  with 
either  glutamate  or  succinate,  as  well  as  the 
respective  degrees  of  respiratory  control, 
kidney  mitochondria  were  most  efficient 
and  spleen  mitochondria  least  so.  A  probe 
of  mitochondrial  inner  membrane  lipophil- 
icity with  tetrabutylammonium  bromide 
showed  that  NADH  dehydrogenases  from 
liver  and  heart  were  similar,  as  were  also 
those  from  kidney  and  spleen .  With  the  ex- 
ception of  brain,  only  small  differences  were 
observed  in  lipophilic  properties  of  succi- 
nate dehydrogenases  from  the  various  other 
tissues.  Variation  in  lipophilic  characteris- 
tics of  the  two  sites  on  the  mitochondrial 
inner  membranes  could  not  be  correlated 
with  embryological  origin  of  the  tissue. 
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The  mechanisms  which  regulate  renin 
release  in  dogs  with  chronic  thoracic  caval 
constriction  (1)  or  with  suprarenal  aortic 
constriction  (2-4)  have  been  studied  under 
acute  conditions  during  anesthesia.  In  dogs 
with  chronic  thoracic  caval  constriction  the 
renal  nerves  play  an  important  modulatory 
role  in  renin  release  although  they  are  not 
essential  since  as  much  as  an  eightfold  in- 
crease in  PR  A  (1)  was  present  after  renal 
denervation.  An  increase  in  renin  secretion 
occurred  following  acute  suprarenal  aortic 
constriction  in  adrenalectomized,  anesthe- 
tized dogs  with  a  denervated,  nonfiltering 
kidney  (4).  This  latter  study  eliminated  the 
influence  of  increased  circulating  epineph- 
rine but  not  norepinephrine,  and  the  affects 
of  neither  catecholamine  were  excluded  in 
the  studies  of  the  dogs  with  chronic  caval 
constriction.  The  present  observations  with 
propranolol  were  made  to  determine  the 
effect  of  blockade  of  the  /8-receptor  mecha- 
nism for  renin  relesae  in  these  two  experi- 
mental situations. 

Materials  and  methods.  Experiment  1, 
Chronic  response  to  dj -propranolol  in  dogs 
with  thoracic  inferior  vena  cava  constriction. 
Six  female  mongrel  dogs  weighing  from  19- 
24  kg  were  placed  in  metabolic  cages  and 
urine  was  collected  daily  for  determination 
of  renal  sodium  and  potassium  excretion. 
The  animals  were  maintained  on  a  diet  con- 
taining 60  and  45  mEq/day  of  sodium  and 
potassium,  respectively.  Arterial  blood 
pressure  and  heart  rate  were  measured  by 
percutaneous  puncture  of  the  femoral  artery 
with  a  22-gauge  needle  attached  to  a  Sta- 
tham  pressure  transducer  and  recorded  on  a 
Hewlett-Packard  7702B  recorder.  All  dogs 
were  started  on  oral  d,l -propranolol  (240 
mg  twice/day)  at  8:00  am  and  4:00  pm  at 
least  two  days  before  the  thoracic  inferior 
vena  cava  was  constricted  under  sterile  con- 
ditions to  produce  experimental  ascites  (5). 
Six  to  8  days  after  caval  constriction,  d,l- 


propranolol  administration  was  stopped  and 
the  dogs  allowed  to  recover.  Unless  other- 
wise stated,  all  blood  samples  were  taken 
from  the  jugular  vein  in  the  morning  16  hr 
after  4:00  pm  dose  of  the  previous  day  of 
d,l -propranolol. 

Experiment  2:  Acute  response  to  dj- 
propranolol  in  conscious  dogs  with  caval 
constriction.  Six  to  8  days  after  caval  con- 
striction, four  of  the  dogs  of  experiment  1 
were  brought  to  the  laboratory  and  their 
bladders  were  catheterized  and  washed  with 
distilled  water.  A  control  urine  sample  (1 
hr)  and  a  blood  sample  for  PRA  and  plasma 
propranolol  determination  were  taken  be- 
fore the  morning  dose  of  d,l -propranolol 
was  administered.  Renal  sodium  excretion, 
PRA  and  plasma  propranolol  levels  were 
measured  every  hour  for  5  hr  following  pro- 
pranolol administration.  During  the  experi- 
ment the  dogs  lay  quietly  on  the  floor. 

Experiment  3:  The  effects  of  dj -pro- 
pranolol in  conscious  dogs  with  acute  renal 
artery  constriction.  An  inflatable  cuff  was 
placed  around  the  left  renal  artery  of  four 
female  mongrel  dogs  (19-21  kg)  under  ster- 
ile conditions;  a  tube  extended  to  the  out- 
side of  the  chest  wall.  The  dogs  were  al- 
lowed to  recover  for  at  least  7  days  before 
the  acute  experiment;  they  were  maintained 
on  a  standard  diet  as  described  above.  For 
the  acute  experiment,  arterial  pressure  was 
measured  through  an  indwelling  femoral  ar- 
tery catheter.  A  saphenous  vein  was  cannu- 
lated  for  infusion  of  d,l -propranolol.  Blood 
samples  for  PRA,  plasma  electrolytes,  and 
plasma  propranolol  concentration  were  ob- 
tained from  either  a  jugular  or  a  saphenous 
vein.  After  the  vessels  were  cannulated,  a 
saline  infusion  (0.5  ml/min)  was  begun  at 
least  30  min  before  the  first  blood  samples 
were  taken.  After  two  control  samples  (15 
min  apart),  the  renal  artery  cuff  was  inflated 
with  0.5-1.5  ml  of  water  to  constrict  the 
vessel.  Blood  samples  were  taken  30  and  45 
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min  after  constriction.  The  constriction  was 
then  released  and  the  dogs  allowed  to  re- 
cover before  samples  were  taken  after  60 
and  75  min.  d,l -Propranolol  was  then  in- 
fused at  0.2  mg/kg/hr  and  a  propranolol 
blood  sample  was  taken  after  30  min.  The 
renal  artery  cuff  was  inflated  to  exactly  the 
same  degree  by  use  of  the  same  amount  of 
water  and  samples  taken  30,  90,  150,  210, 
and  270  min  during  propranolol  infusion 
and  renal  artery  stenosis.  Throughout  the 
experiment  the  animals  lay  quietly  on  the 
floor. 

Analytical  methods.  Venous  blood  sam- 
ples for  the  determination  of  PRA  were 
placed  in  chilled  test  tubes  containing  0.1  ml 
of  10%  ethylenediaminetetraacetic  acid  for 
each  10  ml  of  blood.  The  samples  were 
centrifuged  and  plasma  was  frozen  until  it 
was  prepared  for  assay  by  the  method  of 
Schneider  et  al.  (6).  PRA  was  determined 
by  measuring  the  pressor  response  in  the 
pentobarbital-anesthetized,  pentolinium- 
blocked  rat  in  comparison  with  known 
amounts  of  angiotensin  II  (Hypertensin, 
Ciba).  PRA  is  expressed  as  nanograms  angi- 
otensin Il/ml  generated  during  3  hr  of  incu- 
bation. Venous  blood  samples  for  the  deter- 
mination of  plasma  electrolytes  and  pro- 
pranolol concentrations  were  obtained  and 
placed  in  chilled  test  tubes  containing  0.05 
ml  of  heparin  per  10  ml  of  blood  and  held  in 
an  ice  bath  until  centrifuged.  The  plasmas 
were  decanted  and  refrigerated  until  ana- 
lyzed. Plasma  and  urine  electrolytes  were 
determined  by  flame  photometry.  Plasma 
propranolol  levels  were  assayed  by  Ayerst 
Laboratories  (Montreal,  Canada)  by  the  flu- 
orometric  method  of  Shand  et  al.  (7). 

Statistical  analysis  of  paired  data  was  per- 
formed by  Student's  t  test. 

Results.  Experiment  1:  Chronic  response  to 
J  J -propranolol  in  dogs  with  thoracic  infe- 
rior vena  cava  constriction.  The  response  of 
six  dogs  to  caval  constriction  during  chronic 
propranolol  administration  is  presented  in 
Fig.  1 .  In  all  six  animals  high  circulating 
levels  of  plasma  propranolol  were  obtained 
3  to  8  hr  after  the  morning  dose  of  the  drug. 
However,  16  hr  after  the  evening  dose, 
plasma  levels  were  low.  Heart  rate  was  re- 
duced significantly  with  propranolol  admin- 
istration from   133  ±  7  (SEM)  beats/min 


to  95  ±  6  beats/min  (P  <  0.005).  Heart 
rate  remained  low  during  caval  constric- 
tion and  propranolol  treatment  (83  ±  8 
beats/min)  (P  <  0.025)  and  during  recovery 
increased  to  131  ±  10  beats/min  (P  < 
0.0125).  These  values  for  heart  rate  were 
recorded  in  the  morning  16  hr  after  the 
evening  dose  of  propranolol.  PRA  in- 
creased significantly  after  constriction  of  the 
inferior  vena  cava  although  d,l -propranolol 
was  administered  (P  <  0.025).  During  the 
last  two  days  of  caval  constriction  and  pro- 
pranolol administration,  PRA  fell  toward 
the  control  level  (P  <  0.05)  but  did  not 
reach  this  level  (P  <  0.025).  After  d,l- 
propranolol  administration  was  stopped 
PRA  rose  to  20  ±  3  ng  angiotensin  Il/ml  (P 

<  0.05).  Arterial  pressure  fell  after  caval 
constriction  and  d,l -propranolol  adminis- 
tration from  143  ±  7  to  128  ±  7  mm  Hg  (P 

<  0.01)  and  increased  during  recovery  to 
145  ±  6  mm  Hg  (P  <  0.025).  In  all  animals 
renal  sodium  excretion  decreased  during  the 
second  day  of  thoracic  caval  constriction 
and  remained  low  throughout  the  remainder 
of  the  experiment.  Ascites  formation  con- 
tinued unabated  throughout  d,l -proprano- 
lol administration  and  caval  constriction. 
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Fig.  1  Chronic  response  to  d,l -propranolol  in  six 
dogs  with  chronic  thoracic  caval  constriction.  Abbrevi- 
ations are  same  as  in  Fig.  2. 
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There  was  no  change  in  plasma  potassium 
concentration  during  the  administration  of 
d,l -propranolol. 

Experiment  2:  Acute  response  to  dj- 
propranolol  in  dogs  with  thoracic  caval  con- 
striction. Since  propranolol  reached  such 
low  levels  16  hr  following  the  afternoon 
dose,  it  was  decided  to  observe  the  changes 
in  PRA  and  renal  sodium  excretion  during 
high  levels  of  circulating  propranolol.  The 
experiment  was  designed  to  determine  if 
PRA  returned  to  normal  and  if  sodium  ex- 
cretion increased  transiently  when  the  circu- 
lating level  of  propranolol  was  high.  During 
the  control  observations  (18-21  hr  after  the 
afternoon  dose  of  d,l-propranolol),  the 
plasma  level  of  propranolol  was  undetecta- 
ble in  two  of  the  four  dogs.  During  this 
control  period,  PRA  was  10  ±  2  ng  angi- 
otensin Il/ml.  in  comparison  with  the  80-ng 
level  found  in  dogs  with  caval  constriction 
but  not  receiving  d,l -propranolol  (1),  and 
renal  sodium  excretion  was  low  (2-3  /xEq/ 
min).  PRA  and  renal  sodium  excretion  were 
unchanged  for  5  hr  after  a  240-mg  oral  dose 
of  d,l -propranolol;  at  3  and  5  hr  the  plasma 
propranolol  levels  were  210  and  130  ng/ml, 
respectively. 

Experiment  3:  The  effects  of  d  J -pro- 
pranolol on  acute  renal  artery  constriction  in 
conscious  dogs.  The  response  of  four  dogs 
to  renal  artery  stenosis  before  and  during  an 
intravenous  infusion  of  d,l -propranolol  is 
presented  in  Fig.  2.  Before  propranolol  ad- 
ministration, arterial  pressure  increased 
during  constriction  from  120  ±  3  to  136  ±  6 
mm  Hg  {P  <  0.05)  and  decreased  during 
recovery  after  release  of  the  constriction  to 
119  ±  4  mm  Hg  (P  <  0.025).  PRA  in- 
creased with  renal  arterial  constriction  from 
6±  ltol2±4ng  angiotensin  Il/ml  (P  < 
0.05)  and  fell  during  recovery  (6  ±  1  ng 
angiotensin  Il/min)  (P  <  0.05).  Heart  rate 
fell  from  110  ±  10  to  84  ±  10  beats/min  (P 
<  0.025)  during  the  first  30  min  of  d,l- 
propranolol  infusion  before  reconstriction 
of  the  renal  artery  and  remained  low  during 
d,l -propranolol  infusion.  Upon  reconstric- 
tion of  the  renal  artery  during  d,l-proprano- 
lol,  arterial  pressure  increased  from  1 19  ±  4 
to  146  ±  9  mm  Hg  (P  <  0.025).  Again, 
PRA  more  than  doubled  during  renal  artery 
stenosis  (P  <  0.005).  Neither  the  increased 


arterial  pressure  nor  PRA  was  attenuated 
by  d,l -propranolol  infusion  during  renal  ar- 
tery constriction.  However,  during  d,l -pro- 
pranolol infusion  before  renal  artery  steno- 
sis PRA  decreased  significantly  from  the  last 
recovery  period  from  5.9  to  4.0  ±  1  angi- 
otensin Il/ml  (P  <  0.05).  Plasma  potassium 
fell  significantly  from  4.6  ±  0.1  to  4.1  ±  O.I 
mEq/liter  (P  <  0.05)  after  5  hr  of  propran- 
olol infusion,  but  was  unchanged  during  the 
first  4  hr. 

Discussion.  Constriction  of  the  thoracic 
inferior  vena  cava  in  dogs  is  a  potent  stimu- 
lus for  the  hypersecretion  of  renin,  hyperal- 
dosteronism,  salt,  and  water  retention,  and 
ascites  formation  (1,5,8,9).  Studies  during 
chronic  renal  denervation  (1)  have  revealed 
a  50%  drop  in  PRA  from  a  16-fold  to  an  8- 
fold  elevation  above  normal  without  any 
detectable  change  in  renal  sodium  excretion 
or  ascites  formation.  Also,  Witty  et  al.  (I) 
observed  an  acute  decrease  in  renin  secre- 
tion during  intravenous  infusion  of  propran- 
olol in  anesthetized  dogs  with  caval  constric- 
tion but  not  to  the  control  level.  In  the 
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Fig.  2.  Acute  response  to  renal  artery  constriction 
before  and  during  d.l -propranolol  administration  in 
dogs.  Abbreviations  of  C,  Const.,  and  R  are.  respec- 
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nt  study,  chronic  daily  propranolol  ad- 
tration  failed  to  block  the  increase  in 

in  conscious  dogs  in  response  to  tho- 

caval  constriction;  PR  A  increased 
an  average  control  value  of  6  ±  1  ng  of 
tensin/ml  before  caval  constriction  to  a 
nal  level  of  23  ±  3  ng  angiotensin/ml 

0.025)  after  4-5  days  of  propranolol 
nistration.  These  are  the  first  such  data 
tiscious  dogs  with  caval  constriction  in 
1  actual  measurements  of  plasma  pro- 
)lol  have  been  made  and  there  is  evi- 
i  of  complete  /3-blockade.  However, 
jvel  of  PRA  was  significantly  lower  (P 
DOl)  than  the  high  PRA  of  80  ng  of 
tensin/ml  observed  previously  (1)  in 
ious  intact  dogs  with  caval  constriction 
id  under  similar  conditions.  Neverthe- 

during  propranolol  PRA  was  high 
»h  to  produce  almost  complete  reten- 

of  sodium  and  ascites  formation, 
la  propranolol  levels  during  the  first  8 
:er  the  morning  dose  were  as  high  or 
r  than  those  observed  to  produce  com- 

/3-adrenergic  blockade  (10-12).  The 
leart  rate  present  before  the  8:00  am 
of  propranolol  also  indicates  that  /3- 
ade  was  still  present  16  hr  after  the  last 
given  at  4:00  pm  on  the  previous  after- 
.  In  four  dogs  studied  acutely  after  6-8 
oi  propranolol  administration,  the  av- 

PRA  was  10  ±  2  ng  angiotensin/ml 
e  the  8:00  am  dose  of  propranolol. 
;  findings  suggest  that  /3-blockade  was 
tially  complete  at  16  hr  after  the  last 
PM  dose  of  propranolol  from  the  pre- 
day.  Also,  renal  sodium  excretion  dur- 
e  5  hr  remained  at  the  low  rate  charac- 
c  of  dogs  with  thoracic  caval  constric- 
It  should  be  emphasized  that  there  is 
idence  that  d,l -propranolol  exerts  a 
anesthetic  action  to  block  renin  release 
se  the  d  and  1  isomers  of  propranolol 
qually  potent  in  stabilizing  the  cell 
)rane  (13)  but  only  1 -propranolol 
5  renin  release  (14).  These  observa- 
show  that  nonadrenergic  mechanisms 
ivolved  in  the  hypersecretion  of  renin 
\s  with  chronic  caval  constriction . 
J  role  of  the  adrenergic  nervous  system 
diating  the  increase  in  renin  secretion 
ing  renal  artery  stenosis  was  also  stud- 
Tie  important  feature  of  the  experi- 


ment is  that  there  was  no  attenuation  by 
propranolol  of  the  increases  in  PRA  and 
arterial  pressure  secondary  to  renal  artery 
constriction.  Plasma  propranolol  levels  in- 
creased progressively  during  the  5-hr  infu- 
sion to  reach  an  average  level  of  46  ±  14  ng/ 
ml;  this  level  has  been  reported  previously 
(10-12)  to  achieve  complete  /8-blockade. 
These  data,  therefore,  give  no  indication 
that  a  /3-adrenergic  receptor  mediates  the 
increase  in  renin  release  following  renal  ar- 
tery stenosis.  The  findings  agree  with  an 
earlier  report  of  the  effects  of  renal  artery 
constriction  in  anesthetized  dogs  by  Winer 
(15)  and  a  more  recent  preliminary  study  in 
two  conscious  dogs  following  renal  artery 
stenosis  (16).  It  seems  likely  that  the  in- 
crease in  renin  secretion  following  renal  ar- 
tery constriction  is  mediated  at  least  in  part 
by  the  renal  vascular  receptor  (2,  3).  Evi- 
dence for  involvement  of  this  receptor  was 
provided  by  Blaine,  e/  al.  (2,  3)  who  showed 
that  acute  aortic  constriction  increased  renin 
release  in  adrenalectomized  dogs  with  a  de- 
nervated,  nonfiltering  kidney. 

Summary  and  conclusions.  Dogs  were 
given  d,l -propranolol  before  and  after  tho- 
racic inferior  vena  cava  constriction 
(TIVCC)  or  renal  artery  constriction  (RAC) 
to  determine  if  the  increase  in  plasma  renin 
activity  (PRA)  and  associated  biological  ac- 
tivity could  be  suppressed.  Oral  propranolol 
administration  (240  mg  twice  daily)  was  be- 
gun at  least  2  days  prior  to  TIVCC  in  six 
dogs;  heart  rate  was  reduced  from  133  to  95 
beats/min  but  PRA  did  not  change  with  pro- 
pranolol administration.  After  TIVCC  and 
during  continued  propranolol  administra- 
tion, daily  renal  sodium  excretion  fell  from 
an  average  value  of  50  to  less  than  3  mEq 
sodium/day  and  PRA  was  elevated  two-  to 
fourfold.  With  prolonged  propranolol  ad- 
minstration  during  TIVCC,  PRA  returned 
toward  normal  levels  but  renal  sodium  ex- 
cretion remained  low.  At  this  time,  hourly 
measurements  of  sodium  excretion  showed 
no  change  after  a  240-mg  oral  dose  of  pro- 
pranolol although  very  high  plasma  levels  of 
propranolol  were  achieved;  also,  PRA  was 
unchanged  and  low.  The  effects  of  RAC 
were  studied  before  and  during  an  intrave- 
nous propranolol  infusion  (0.2  mg/kg/hour) 
in  conscious  animals.  Before  propranolol 
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administration,  arterial  pressure  increased 
during  RAC  from  120  to  136  mm  Hg  and 
PR  A  doubled.  Propranolol  infusion  low- 
ered heart  rate  from  110  to  84  beats/min, 
but  arterial  pressure  and  PRA  were  not  at- 
tentuated  by  propranolol  during  RAC.  The 
data  indicate  that  non-beta-adrenergic 
mechanisms  are  involved  in  renin  release 
during  TIVCC  and  RAC. 

The  authors  wish  to  thank  Mr.  Henry  L.  LeMien, 
Jr.,  of  Ayerst  Laboratories  for  the  supply  of  propran- 
olol and  for  help  in  the  analysis  of  plasma  propranolol. 
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concentration  of  prolactin  in  the 
a  quickly  rises  following  the  onset  of 
inhalation  in  the  nonlactating  rat  (1-8, 
h  see  9).  The  plasma  concentration, 
^er,  seldom  exceeds  50  ng/ml  and  is 
led  for  only  a  few  minutes.  Prolonged 
anaesthesia  has  no  effect  upon  plasma 
tin  levels  (6).  In  the  lactating  rat,  the 
a  prolactin  concentration  following 
inhalation  exhibits  a  pattern  similar  to 
btained  in  nonlactating  rats,  but  con- 
markedly  with  the  200-300  ng/ml 
appear  in  the  plasma  after  10-12  min 
kling  (10-15)  and  which  can  be  main- 
I  for  periods  up  to  90  min  by  continued 
ng  (14-15). 

:e  the  release  of  prolactin  by  suckling 
J  modified  by  a  variety  of  factors  (16) 
of  interest  to  determine  which  factors 
modify  the  release  of  prolactin  in  re- 
;  to  stress  in  the  lactating  rat.  In  the 
It  study,  we  have  analyzed  the  influ- 
)f  the  nonsuckling  interval. 
erials  and  methods.  Primiparous  lac- 
rats  of  the  Holtzman  strain  were 
d  in  individual  cages  in  a  room  main- 
I  at  23-25°  and  with  alternating  14-hr 
0-hr  dark  periods.  They  were  given  a 
-casein-sucrose  diet  to  which  5%  eel- 
was  added  for  fecal  bulk;  tap  water 
vailable  ad  libitum.  Litters  were  ad- 
to  eight  pups  on  Days  1-2  postpar- 
nd  to  six  pups  on  Day  4  postpartum, 
lothers  were  handled  periodically  dur- 
e  lactation  period. 

)  experimental  manipulations  of  the 
ckling  interval  were  made  prior  to  ap- 
on  of  an  ether  stress,  (i)  The  pups 
removed  on  the  morning  of  Day  14 
le  mothers  were  subjected  to  ether 
either  8  or  12  hr  later,  (ii)  The  pups 
emoved  the  morning  of  Day  13.  Dur- 
e  next  12  hr,  they  were  returned  to 
nothers  either  for  a  single  10-min  pe- 
f  suckling  (at  the  end  of  the  twelfth 


hour),  for  two  10-min  periods  of  suckling 
(at  the  sixth  and  twelfth  hours),  or  for  three 
10-min  periods  of  suckling  (at  the  fourth, 
eighth,  and  twelfth  hours).  The  pups  were 
discarded  at  the  completion  of  the  twelfth 
hour  suckling  and,  after  a  subsequent  12-hr 
period  allowed  to  standardize  pituitary  pro- 
lactin levels,  the  mothers  in  each  groups 
were  subjected  to  ether  stress. 

Ether  stress.  Ether  (anesthesia  grade) 
was  placed  in  a  wide-mouth  glass  jar  (22  x 
25  cm)  which  was  covered  and  placed  on  a 
lab  stool  close  to  the  cage  of  the  mother  to 
be  tested.  Approximately  5  min  later  (the  5 
min  to  allow  for  the  atmosphere  in  the  jar  to 
become  heavily  saturated  with  ether  fumes) 
the  rat  was  gently  removed  from  her  cage 
and  placed  into  the  jar.  The  animals  were 
etherized  in  this  manner  in  groups  of  three 
to  four  rats  at  a  time .  Once  the  rats  became 
unconscious  (usually  within  1  min)  they 
were  removed  from  the  jar,  quickly  guillo- 
tined and  the  trunk  blood  collected  in 
cooled  test  tubes.  The  plasma  was  separated 
and  kept  frozen  until  later  assayed  for  pro- 
lactin. Control  mothers  (litters  removed  6 
hr  earlier)  were  gently  removed  from  their 
cages  and  swiftly  guillotined. 

Radioimmunoassay  of  prolactin.  Prolactin 
in  plasma  was  determined  in  duplicate  25-/xl 
samples  by  the  NIAMDD  radioimmunoas- 
say system  (See  14,  for  details).  Mean  dif- 
ferences in  plasma  prolactin  concentration 
between  groups  were  judged  significantly 
different  (using  Student's/  test)  if  the  proba- 
bility was  5%  or  less. 

Results.  In  the  first  experiment  (Fig.  1  A), 
the  concentration  of  prolactin  in  the  plasma 
of  lactating  rats  averaged  74  ng/ml  (46-160 
ng/ml  range)  following  application  of  acute 
ether  stress  after  an  8-hr  period  of  nonsuck- 
ling. When  ether  stress  was  applied  after  a 
12-hr  period  of  nonsuckling,  the  plasma 
level  of  prolactin  was  significantly  lower  and 
averaged  24  ng/ml  (18-40  ng/ml  range). 
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Fig.  1 .  Prolactin  concentration  in  plasma  of  lactat- 
ing  rats  following  acute  exposure  to  ether  before  decap- 
itation. (A)  Rats  nonsuckled  for  either  8  or  12  hr  prior 
to  ether  exposure.  (B)  Rats  suckled,  one,  two,  or  three 
times,  each  time  for  10  min  during  an  initial  12-hr 
nonsuckling  period;  all  rats  then  were  exposed  to  ether 
12  hr  after  the  last  suckling.  Bars  represent  mean 
values;  each  symbol  represents  a  single  rat. 

In  the  second  experiment  (Fig.  IB),  the 
plasma  prolactin  concentration  following 
acute  ether  stress  increased  significantly 
from  24  ng/ml  (17-36  ng/ml  range)  to  104 
ng/ml  (26-160  ng/ml  range)  as  the  fre- 
quency of  10-min  sucklings  was  experimen- 
tally altered  during  a  12-hr  period  from 
once  at  the  end  of  the  12-hr  period  to  once 
every  4  hr.  The  intermediate  frequency  of 
suckling  once  every  6  hr  resulted  in  an  aver- 
age plasma  prolactin  concentration  of  79  ng/ 
ml.  The  range  of  values  in  this  group,  how- 
ever, overlapped  with  those  of  the  other  two 
groups  and  thus  the  mean  concentration  was 
not  significantly  different  from  that  of  either 
of  the  other  two  groups.  All  groups  exposed 
to  ether  had  mean  plasma  prolactin  concen- 
trations which  were  significantly  elevated 
over  that  of  rats  isolated  for  6  hr  and  simi- 
larly killed  but  without  being  exposed  to 
ether  (Fig.  1). 

Discussion.  Various  factors  can  influence 
the  degree  to  which  the  concentration  of 
prolactin  increases  in  the  plasma  following 
stress.  Neil  (1)  found  that  a  consistently 
higher  plasma  prolactin  concentration  oc- 
curred each  day  throughout  the  estrous  cy- 
cle following  ether-laparotomy  stress,  in 
comparison  with  that  found  in  plasma  of 
decapitated  rats,  except  on  the  afternoon  of 
proestrous  when  ether-laparotomy  failed  to 
increase  the  already  elevated  levels.  Reirer 


al.  (7)  demonstrated  that  in  rats  treated  for 
6  days  with  estradiol  the  serum  prolactin 
level  resulting  from  ether-laparotomy  stress 
was  raised,  whereas,  following  treatment 
with  progesterone  it  was  lowered.  Proges- 
terone also  reduced  the  estrogen-stimulated 
elevation  in  prolactin  levels  provoked  by 
ether-laparotomy,  an  effect  previously 
shown  by  Chen  and  Meites  (17).  Serum 
prolactin  levels  resulting  from  ether  inhala- 
tion were  shown  to  increase  twofold  in  male 
and  female  rats  when  they  were  handled 
twice  daily  the  previous  4  days  (2).  It  is 
possible,  however,  that  handling  in  this  in- 
stance constituted  an  additional  stress. 

In  the  present  investigation  the  plasma 
prolactin  concentration  in  the  lactating  rat 
was  significantly  more  elevated  when  ether 
was  inhaled  after  8  hr  than  after  12  hr  of 
nonsuckling.  When  the  suckling  frequenq- 
during  a  12-hr  period  was  increased  in 
groups  of  rats  from  one  10-min  suckling  at 
the  end  of  the  twelfth  hour  to  a  10-min 
suckling  once  every  4  hr  and  the  rats  then 
exposed  to  ether  12  hr  after  the  last  suck- 
ling, we  observed  the  same  relationship  be- 
tween length  of  the  nonsuckling  interval  and 
the  rise  in  plasma  prolactin  in  response  to 
ether,  i.e.,  the  shorter  nonsuckling  intenal 
resulted  in  the  more  elevated  prolactin  con- 
centration. Prolactin  concentration  in  the 
anterior  pituitary  is  approximately  the  same 
after  nonsuckling  intervals  of  4,  8,  and  12  hr 
(16)  so  a  difference  in  available  prolactin 
would  not  appear  to  be  involved  in  the  ex- 
planation of  these  differences.  Rather  it 
would  appear  that  more  frequent  activation 
of  the  prolactin  releasing  mechanism  by 
suckling  in  some  way  facilitates  the  subse- 
quent release  of  prolactin  in  response  to 
ether.  A  central  serotinergic  mechanism  has 
been  implicated  in  both  the  suckling-in- 
duced (13)  and  ether-induced  (18)  release 
of  prolactin.  The  mechanism  of  release  of 
prolactin  by  suckling  also  contains  a  hypo- 
thalamic dopaminergic  system  (19,  20) 
which  appears  not  to  be  implicated  in  the 
ether-induced  release  (7,  18).  Thus,  the  fact 
that  the  frequency  of  suckling  in  some  way 
facilitates  the  release  of  prolactin  in  re- 
sponse to  ether  as  well  as  that  in  response  to 
suckling  (16)  suggests  the  serotinergic  link, 
may  be  common  to  both  mechanisms. 

Summary.  The  concentration  of  prolactin 
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1  the  plasma  of  lactating  rats  increased 
rom  24  to  74  ng/ml  following  acute  ether 
tress  as  the  length  of  the  preceding  period 
>f  nonsuckling  diminished  from  12  to  8  hr. 
n  a  second  experiment  the  prolactin  con- 
en  tration  increased  from  24  to  79  to  104 
ig/ml  as  the  frequency  of  10-min  sucklings 
luring  a  12-hr  period  was  altered  from  once 
it  the  end  of  the  twelfth  hr  to  once  every  6 
ir  to  once  every  4  hr  and  the  mothers  then 
xposed  to  ether  12  hr  after  the  last  suck- 
ing. These  results  indicate  that  more  fre- 
juent  activation  of  the  prolactin-releasing 
nechanism  facilitates  the  subsequent 
elease  of  prolactin  in  response  to  ether 
tress. 

Wc  arc  grateful  to  the  NIAMDD  Rat  Pituitary  Hor- 
lone  Distribution  Program  for  the  rat  prolactin  ra- 
lioimmunoassay  kit,  and  to  Mrs.  Tanya  McGee  for 
technical  assistance. 
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Rakieten  et  al.  (1)  first  reported  that  the 
combined  administration  of  streptozotocin 
and  nicotinamide  resulted  in  the  induction 
of  pancreatic  islet  tumors  containing  high 
concentrations  of  immunoreactive  insulin 
(IRI).  It  was  felt  that  this  rat  islet  adenoma 
may  provide  a  suitable  experimental  model 
for  human  insulinoma.  This  report  details 
observations  on  the  physiologic  responses  of 
rats  following  tumor  induction,  and  on  the 
insulin  biosynthetic  activity  of  the  tumors.  A 
portion  of  this  work  has  appeared  in  ab- 
stract form  (2). 

Methods  and  materials.  Young  Holtzman 
rats  weighing  180  g  were  fasted  overnight 
and  injected  ip  with  nicotinamide  (350  mg/ 
kg  body  weight  in  0.85%  saline).  Ten  min- 
utes later  a  single  iv  injection  of  streptozoto- 
cin (65  mg/kg  body  weight  in  a  citrate 
buffer,  pH  4.5)  was  administered,  followed 
by  another  ip  dose  of  nicotinamide  180  min 
after  the  first  dose,  as  described  by  Rakieten 
etal.  (1).  The  control  rats  were  treated  with 
nicotinamide  and  citrate  buffer.  All  the  ani- 
mals were  weighed  weekly  and  bled 
monthly  by  tail  vein.  Blood  glucose  was  de- 
termined with  an  AutoAnalyzer  by  a  modi- 
fication of  the  method  of  Hoffman  (3). 

Glucose  tolerance  test  (GTT).  The  ani- 
mals were  fasted  overnight  and  30%  glucose 
solution  in  0.85%  saline  was  administered 
by  tail  vein  (1  ml  per  100  g  body  weight). 
Blood  sugar  values  were  determined  on 
samples  withdrawn  before  and  J,  1  and  2  hr 
after  glucose  injection.  The  Diabetic  Index 
(DI),  which  determined  the  ability  of  the 
animals  to  handle  sudden  glucose  influx, 
was  calculated  by  the  following  equation  of 
Coupland  et  al.  (4): 

blood  sugar  at  1  hr  x  blood  sugar 
_  at  2  hr  of  experimental  animals 

blood  sugar  at  1  hr  x  blood  sugar 

at  2  hr  of  control  animals 

The  animals  were  anesthetized  with  Pen- 


tosol  (Sodium  pentabarbital  50  mg/ml,  In- 
venex,  California),  and  bled  by  cardiac 
puncture.  The  abdomen  was  opened  and  the 
islet  tumors  were  decapsulated,  weighed, 
and  cut  into  small  pieces  for  various  studies. 

Effect  of  glucose  load  on  serum  insulin 
levels  of  rats  bearing  beta  cell  tumors.  An- 
other group  of  approximately  1-yr-old  rats 
exhibiting  persistent  hypoglycemia  (which 
were  found  to  have  tumors  on  sacrifice) 
were  lightly  anesthetized  with  ether  and 
bled  from  the  orbital  sinus.  The  animals 
were  injected  intravenously  with  30%  glu- 
cose solution  (1  ml/ 100  g  body  weight)  and 
were  bled  again  30  min  later.  The  insulin 
levels  were  determined  in  0.1-ml  serum 
samples  using  an  insulin  assay  kit  ("Phade- 
bas  Insulin  Test"  from  Pharmacia  AB. 
Uppsala,  Sweden). 

Insulin  biosynthesis  in  vitro.  Decapsulated 
tumor  samples  were  cut  into  approximately 
2-mg  pieces,  and  pooled  samples  weighing 
between  10  and  40  mg  were  incubated  with 
shaking  (30  oscillations  per  min)  at  2T  for  1 
or  3  hr  in  media  containing  either  60  (3.3 
mA/)  or  300  mg/100  ml  (16.5  mM)  glucose, 
and  L-[U-^^C]leucine,  311  mCi/mmolc.  48 
/xmole/liter  (New  England  Nuclear  Inc.). 
The  medium  consisted  of  1  ml  of  Krebs 
Ringer  bicarbonate  buffer  (KRB)  with  biv 
vine  serum  albumin  (200  /xg),  ovomucoid 
trypsin  inhibitor  (1  /xg),  and  19  common 
amino  acids  excluding  leucine  (20  /xg  each), 
and  was  equilibrated  with  95%  02-5%  CO. 
gas  mixture.  Following  incubation,  tissue 
and  medium  were  homogenized  in  the  cold 
in  AA  glass  Teflon  grinders  (Kontes  Glass 
Co.,  Vineland,  N.J.).  Trichloroacetic  acid 
(TCA)  was  added  to  a  concentration  of 
10%,  and  the  insoluble  material  was  sepa- 
rated by  centrifugation  and  washed  twice 
with  10%  TCA.  Insulin  and  proinsulin  bio- 
synthesized  during  incubation  were  deter- 
mined as  described  recently  (5). 

Elution  profiles  of  bovine  serum  albumin. 
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nsulin,  and  bovine  insulin  were  used 
tify  radioactive  proteins  in  column 
.  Ten-microliter  aliquots  of  1-ml  col- 
actions  were  assayed  for  immuno- 
I  insulin  by  a  double  antibody 
1  (6),  using  rat  insulin  standards.  Pro- 
itents  were  estimated  by  the  method 
xyetal.  (7). 
'ts.    Glucose  tolerance  test   (GTT). 

3  weeks  the  animals  treated  with 
imide  and  streptozotocin  exhibited  a 

change  in  their  ability  to  handle  a 
ucose  load  (Fig.  1). 
mean  blood  glucose  level  of  these 

increased  from  61  to  369  mg/100 
lin  30  min  following  the  glucose  in- 

and  was  225  and  96  mg/100  ml  60 
0  min  after  glucose  load,  respec- 
By  contrast  in  the  control  rats  an 
il  glucose  load  resulted  in  an  eleva- 
the  blood  sugar  levels  from  60  mg/ 
at  0  hour  to  305,  100,  and  74  mg/ 
after  30,  60,  and  120  min,  respec- 
The  differences  at  30  and  60  min 
ghly  significant  (P  <  0.01).  About  8 
after  the  combined  drug  treatment  a 
umber  of  rats  exhibited  persistent 
cemia.  The  nonfasting  blood  sugar 
'  these  animals  was  about  20  to  25 


GluCOU    ■•MCCTKXi   I 


TIMC    IN  MINUTES  AFTER    GLUCOSE    LOAD 

.  Abnormal  glucose  tolerance  in  rats  3  weeks 
tment  with  streptozotocin  and  nicotinamide; 
imals  exhibited  beta  cell  tumors  after  9 
Tie  differences  in  the  blood  sugar  levels  at  30. 
20  min  between  the  control  and  drug-treated 
re  significant,  P  <  0.01.  <  0.0001  and 
espectively. 


mg/100  ml  lower  than  that  of  the  corre- 
sponding controls.  At  the  time  of  sacrifice 
(about  10  months  after  the  combined  drug 
treatment)  all  the  animals  with  abnormal 
GTT  exhibited  sizable  islet  beta  cell  tumors. 

A  group  of  animals  exhibiting  persistent 
hypoglycemia  (which  on  sacrifice  exhibited 
beta  cell  tumors)  was  administered  a  glucose 
tolerance  test  (GTT),  9  to  10  months  after 
combined  drug  treatment.  As  shown  in  Fig. 
2,  two  distinctly  different  patterns  of  blood 
glucose  curves  were  observed  as  compared 
to  the  control  animals.  The  blood  glucose 
levels  of  the  control  rats  following  the  glu- 
cose load  were  83,  299,  126,  and  111  mg/ 
100  ml  at  0,  30,  60,  and  120  min,  respec- 
tively. By  contrast,  one  group  of  animals 
exhibited  a  tolerance  curve  typical  of  a 
mildly  diabetic  or  subdiabetic  animal.  The 
corresponding  blood  glucose  values  were 
55,  386,  287,  and  114  mg/100  ml.  The 
difference  from  the  control  rat  was  highly 
significant  (P  <  0.005)  at  60  min.  The  beta 
cells  in  the  islet  tumors  of  these  animals 
perhaps  responded  sluggishly  to  the  glucose 
load  and  hence  they  were  termed  "slow  act- 
ing tumors"  (SAT). 

The  blood  sugar  levels  of  the  other  group 
were  60,  135,  86,  and  77  mg/100  ml,  re- 
spectively, following  glucose  administra- 
tion. The  blood  sugar  levels  at  30  and  60 
min  were  markedly  lower  than  those  of  the 
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Fig.  2.  A  comparison  of  glucose  tolerance  between 
normal  rats  and  those  bearing  beta  cell  tumors  as  con- 
firmed by  autopsy. 
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normals  at  corresponding  time  periods  {P  < 
0.005  and  <0.02,  respectively). 

Immuno-Reactive-Insulin  (IRI)  in  the  se- 
rum of  rats  with  beta  cell  tumors.  Table  I 
shows  that  sera  collected  from  rats  exhibit- 
ing tumors  at  autopsy  could  be  classified 
into  two  distinct  categories  on  the  basis  of 
the  immunoreactive  insulin  content  (IRI). 
One  group  had  high  IRI  content,  while  in 
the  other  the  IRI  level  was  normal. 

Effect  of  glucose  load  on  serum  insulin 
levels  of  beta  cell  tumor-bearing  rats.  Table 
II  indicates  that  the  average  serum  insulin 
level  of  rats  was  elevated  from  44  to  73  /xU/ 
ml  within  30  min  following  glucose  adminis- 
tration. Only  three  animals  failed  to  show  a 
positive  response  to  the  glucose  load.  At 
autopsy  all  these  animals  exhibited  tumors 
and,  hence,  data  on  these  three  animals 
have  been  included  for  averaging  in  the  ta- 
ble. By  contrast,  the  serum  insulin  level  in 
five  normal  controls  was  elevated  from  29  to 
38  /lU/ml. 

Insulin  biosynthesis  in  vitro.  The  distribu- 
tion of  immunoreactive  insulinlike  activity 
following  gel  filtration  is  depicted  in  Fig. 
3A.  The  major  insulin  region  (I)  corre- 
sponds to  a  material  having  a  molecular 
weight  of  approximately  6000  daltons  (mono- 
component  insulin),  while  the  secondary 
region  (proinsulin)  of  approximately  9000 
daltons  had  less  immunoreactive  insulinlike 
activity.  Following  I  hr  of  incubation,  radio- 
activity was  incorporated  into  the  proinsulin 
(P)  region,  while  none  appeared  in  the  in- 

TABLE  I.  Serum  Immuno-Reactive  Insulin 
(IRI)  IN  THE  Rats  with  Beta  Cell  Tumors. 


High  IRI  group 

Num- 
ber of 
rats      /xunits/ml  SEM 


Normal  IRI  group 

Num- 
ber of 
rats      /xunits/ml  SEM 


124  ±  12.7 
(76  to  158) 


40  ±  2.8 
(27  to  50) 


sulin  region  (data  not  shown).  After  3  hr 
of  incubation,  some  radioactivity  also  ap- 
peared in  the  immunoreactive  insulin  region 
(Fig.  3B).  Further  evidence  for  the  biosyn- 
thetic  relationship  of  these  radioactive  pro- 
teins was  shown  by  tryptic  hydrolysis  of  the 
isolated  proinsulin  to  material  migrating  with 
monocomponent  insulin  (Fig.  3C).  Poly- 
acrylamide  gel  electrophoresis  of  the  iscv 
lated  and  separated  P  and  I  pools  of  gel 
filtration  eluates  showed  that  the  major  ra- 
dioactive protein  of  the  proinsulin  (?)  re- 
gion migrated  with  an  Rf  of  0.60,  while  the 
radioactivity  of  the  insulin  (I)  region  is  rep- 
resented by  two  (more  electronegative)  pro- 
teins with  RfS  of  0.71  and  0.90  (data  not 
shown). 

Incubation  of  tumor  tissue  in  the  medium 
containing  300  mg/100  ml  glucose  stimu- 
lated the  incorporation  of  leucine  into  both 
proinsulin  and  insulin  regions  of  gel  filtra- 
tion eluates,  when  compared  with  incuba- 
tion in  medium  containing  60  mg/100  ml 
glucose  (Fig.  3B).  An  experiment  involving 
three  adenomata  derived  from  different  ani- 
mals, in  which  samples  of  each  tumor  were 
incubated  at  either  high  or  low  glucose  con- 
centration, is  summarized  in  Table  III.  Al- 
though there  was  considerable  variation  in 
rates  of  basal  and  glucose-stimulated  leucine 
incorporation  into  proinsulin  and  insulin  in 
the  three  adenomata,  all  of  them  exhibited  a 
response  to  elevated  glucose  levels. 

Discussion.  Multiple  pancreatic  islet  cell 
tumors  were  produced  in  approximately 
85%  of  the  rats  which  survived  8  months  or 
more  after  the  administration  of  streptozo- 
tocin  and  nicotinamide.  This  figure  com- 
pares favorably  with  the  64  and  49%  rates 
reported  by  earlier  workers  (1,  8).  Some 
animals  exhibited  hypoglycemia  within  8 
months  following  drug  administration  indi- 
cating that  islet  cell  tumors  may  already 
have  been  induced  before  that  time. 


TABLE  II.  Effect  of  Glucose  Administration  to  Tumor  Bearing  and  Control  Rats  on  the  Serum 
Immuno-Reactive  Insulin  (IRI)  Levels. 

Insulin  per  ml  serum  following  glucose  injection  (1  ml 
of  30%  glucose  solution  per  100  g  body  weight) 


Condition  of  rats 

Tumor 
Control 


Number 


0  Min /xU/ml  SEM 


15 

5 


44.0  ±  4.3 
29.4  ±  3.3 


30  Min  fiV/m\ 
SEM 


Difference 


72.6  ±  9.0 
38.0  ±  5.4 


28.6 
8.6 


<0.005 

N.S. 
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KX) 


Froction   (ml) 


Frocf  ion    (ml  ) 


G.  3.  (A)  Immunoreactive  insulin  in  gel  filtration  eluate  of  rat  adenoma,  solid  line.  Final  Extract  (1 :40,000 
ion).  Tissue  was  incubated  3  hr  in  KRB  containing  300  mg/lOO  ml  glucose.  The  dashed  line  represents  the 
poration  of  ['^Cjleucine  into  proteins  of  the  same  Final  Extract.  P  =  proinsulin  region  of  eluate;  I  =  insulin 
n.  (B)  Representative  gel  filtration  eluates  of  Final  Extracts  from  Adenomas  incubated  in  either  60  or  300 
00  ml  glucose.  (C)  The  effect  of  trypsin  (1  ^g)  on  isolated  proinsulin  (P)  region  (about  1  mg  protein)  of  an 
oma  incubated  with  ['^Cjleucine.  The  control  was  an  equal  aliquot  of  isolated  P  which  received  no  tryspin 
ment.  The  void  volume,  P  and  I  regions  were  determined  by  calibration  of  columns  with  appropriate 
lards. 


\BLE  III.  In 

MOMA    IN    THE 

vitro  l-['*C]Leucine  Incorporation  into  Proinsulin  (P)  and 
Presence  of  Low  (60  mg/ 100  ml)  or  High  (300  mg/ 100  ml) 

Insulin  (I)  by  Rat  Islet 
Glucose  in  the  Medium." 

60 

mg/100  ml  glucose 

300 

mg/100  ml  gl 

iicose 

P 

I 

I/P 

P 

I 

I/P 

\denoma  1 
\dcnoma  2 
\denoma  3 

57,000 

73,800 

346,000 

26,500 
28,900 
38,300 

0.47 
0.39 
0.11 

187,000 
119,000 
681,000 

61,800 
52,700 
89,000 

0.33 
0.44 
0.13 

Tissue  pieces  from  three  adenomas  were  incubated  concurrently  for  3  hr  in  KRB  with  either  the  low  or  high 
>se  concentration,  and  extracted  in  parallel.  Results  are  expressed  as  disintegrations  per  minute  per  milligram 
otein  of  the  final  extract. 


he  abnormal  glucose  tolerance  curve  3 
ks  after  the  treatment  with  the  com- 
;d  drugs,  may  indicate  that  although  the 
nals  did  not  exhibit  manifest  diabetes, 
'  were  unable  to  handle  a  sudden  large 
I  of  glucose.  The  DI  of  these  rats  was 
l.  According  to  Coupland  ei  al.  (4)  a  DI 
xcess  of  1 .7  is  indicative  of  subdiabetic 
5.  All  the  rats  with  subdiabetic  DI  devel- 
i  pancreatic  islet  tumors.  This  observa- 
suggests  some  relationship  between 
mic  exhaustion  of  the  beta  cell  and  its 
srplasia  and  eventual  tumor  develop- 
it. 

nimals  whose  glucose  tolerance  indi- 
d  that  they  had  slow  acting  tumors  had  a 
of  2.34  while  animals  with  fast  acting 
orshada  DI  of  0.47. 
ie  serum  immunoreactive  insulin  levels 
Its  with  tumors  were  either  high  (124 


/LiU/ml)  or  normal  (40  /LiU/ml)  (Table  1). 
On  the  basis  of  serum  IRI  levels  the  rats 
could  not  be  designated  as  containing  fast  or 
slow  type  of  tumors.  AH  the  rats  with  tu- 
mors were  capable  of  responding  to  in- 
creased blood  glucose  levels  as  shown  by  the 
fact  that  their  insulinogenic  response  to  glu- 
cose was  greater  than  that  of  the  corre- 
sponding control  rats  (Table  2).  The  eleva- 
tion of  serum  IRI  level  in  controls  at  30  min 
following  glucose  administration  was  not 
significant.  Perhaps  IRI  measurements  at 
earlier  time  periods  may  have  been  more 
meaningful. 

Insulin  biosynthetic  activity  of  induced 
adenomata  was  demonstrated  by  means  of 
the  in  vitro  incorporation  of  [**C]leucine 
into  proinsulin  and  insulin.  [*^C]proinsulin 
was  readily  converted  to  an  insulinlike  mol- 
ecule by  trypsin  treatment  (10,  11).  The 
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migration  of  these  proteins  on  gel  electro- 
phoresis closely  paralleled  those  isolated 
from  islets  of  Langerhans  obtained  from 
normal  rats  by  the  collagenase  digestion 
procedure  (5). 

On  the  basis  of  radioimmunoassay,  mon- 
omeric  (6000  daltons)  insulin  represented 
the  major  type  of  immunoreactive  insulin  in 
one  adenoma  (Fig.  3A).  Protein  material 
migrating  in  the  9000-dalton  range  mostly 
consisted  of  proinsulin,  and  accounted  for 
less  than  10%  of  the  immunoreactive  insulin 
in  this  adenoma.  Gel  filtration  eluates  of 
two  other  adenoma  extracts  were  also  as- 
sayed and  showed  essentially  the  same  pat- 
tern of  immunoreactivity. 

Creutzfeldt  ei  al.  (11)  reported  an  aver- 
age tumor  insulin  content  in  human  adeno- 
mata of  24  U/g  (0.01-199  U/g).  In  the  rat 
adenomata  reported  here,  the  average  IRI 
content  was  412  U/g  (165-729  U/g)  sug- 
gesting that  the  tumors  have  large  stores  of 
insulin.  By  contrast,  normal  rat  islets  con- 
tain 200  U/g  of  insulin  (12). 

The  ratio  of  [^^Cjinsulin  to  [»^C]proin- 
sulin,  which  estimates  the  extent  of  conver- 
sion of  precursor  to  insulin,  was  the  same  at 
basal  (60  mg/100  ml)  and  elevated  (300  mg/ 
100  ml)  glucose  concentrations,  suggesting 
that  enzymatic  conversion  of  proinsulin  to 
insulin  is  not  a  limiting  step  in  insulin  pro- 
duction by  the  induced  adenomata.  In  all 
tumor  studies,  the  elevated  level  of  glucose 
in  the  medium  (300  mg/100  ml)  caused  an 
increased  rate  of  ['"^Cjleucine  incorporation 
into  (pro)insulin  when  expressed  on  the 
basis  of  specific  activity  (disintegrations  per 
minute  per  milligram  of  protein  in  the  ex- 
tract). 

Summary.  Islet  beta  cell  adenomata  were 
induced  in  rats  by  combined  treatment  with 
nicotinamide  and  streptozotocin.  Three 
weeks  after  treatment  marked  alterations  in 
glucose  tolerance  were  noted  in  animals 
which  later  exhibited  large  beta  cell  tumors. 
Eight  months  after  treatment,  the  rats 
known  to  have  beta  cell  tumors  on  the  basis 
of  marked  hypoglycemia  and  later  con- 
firmed by  autopsy  showed  variable  response 
to  a  glucose  load.  Some  tumor-bearing  rats 
showed  fast  response  to  glucose  load,  their 


blood  sugar  levels  were  elevated  moderately 
and  returned  to  normal  or  below  normal 
levels  rapidly;  these  animals  are  described 
as  having  *'fast-acting  tumors."  Rats  with 
"slow-acting  tumors"  responded  sluggishly 
to  a  glucose  load;  their  blood  glucose  pat- 
tern was  similar  to  that  of  subdiabetic  ani- 
mals. Animals  with  beta  cell  tumors  ex- 
hibited elevated  serum  insulin  levels  30  min 
after  glucose  administration. 

Insulin  biosynthesis  by  beta  cell  adeno- 
mata was  demonstrated  by  in  vitro  incorpo- 
ration of  [**C]leucine  into  proinsulin  and 
insulin.  In  the  small  number  of  tumor  sam- 
ples studied,  a  stimulatory  effect  of  glucose 
on  insulin  biosynthesis  was  observed. 
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stinal  calcium-binding  proteins  from 
1  species,  including  the  chick  (1-3), 
,  and  monkey  (5)  have  been  shown  to 
)endent  upon  vitamin  D  for  their  for- 
1,  and  a  large  body  of  evidence  pres- 
ixists  suggesting  a  role  for  these  pro- 
n  the  vitamin  D-mediated  intestinal 
ort  of  calcium.  Proteins  similar  or 
:al  to  the  chick  intestinal  calcium- 
g  protein  have  also  been  detected  in 
ick  kidney  (2)  and  brain  (6)  and  in  the 
of  the  laying  hen  (7).  The  hen  uterine 
n-binding  protein  has  been  shown  to 
»endent  upon  vitamin  D3  for  its  forma- 
J)  and  to  increase  in  concentration  in 
sue  with  the  onset  of  egg-laying  and 
ise  in  concentration  with  its  cessation 
nd  has  been  localized  in  the  tubular 
cells  of  the  shell  gland  (9).  Unlike  the 
nal  calcium-binding  protein,  the  uter- 
3tein  does  not  appear  to  be  influenced 
g-term  dietary  calcium-restriction  (8). 
ecent  report  (10)  suggested  that  the 
e  calcium-binding  protein  might  be 
rnt  from  the  intestinal  protein,  al- 
1  earlier  studies,  by  another  group 
idicated  that  the  two  had  similar  elec- 
)retic  mobilities.  In  the  present  study, 
e  calcium-binding  protein  was  isolated 
•me  of  its  properties  compared  to  puri- 
itestinal  calcium-binding  protein,  in- 
g  immunological  and  electrophoretic 
rties  and  amino  acid  composition.  The 
rities  of  these  characteristics  indicate 
le  two  proteins  are  identical. 
hods  and  materials.  Hen  uterus  was 
ed  from  normal  mature  White  Leg- 
ens  in  lay.  Animals  were  sacrificed  by 
il  dislocation,  the  uterus  was  excised, 
le  latter  homogenized  in  Tris  buffer 
e,  pH  7.4  (1:2,  w/v),  containing 
/3-mercaptoethanol.  Homogenization 
I  successive  steps  were  conducted  at 
*  homogenates  were  then  centrifuged 


at  23 ,000  g  (max .)  for  45  min  and  the  super- 
natant solutions  retained. 

The  original  supernatant  solution  was 
subjected  to  (NH4)2S04  fractionation  by  the 
addition  of  48  g  of  solid  (NH4)2S04  per  100 
ml  supernatant  solution  with  vigorous  stir- 
ring. Mixing  was  continued  for  2  hr  follow- 
ing the  last  addition,  and  the  resulting  sus- 
pension centrifuged  as  described  before. 
The  (NH4)2S04-soluble  supernate  (700  ml) 
was  dialyzed  exhaustively  against  Tris  buffer 
and  concentrated  to  23  ml  by  membrane 
ultrafiltration,  using  an  Amicon  Model 
2000  Diafiltration  unit  equipped  with  a 
UM-10  Diaflow  membrane  (Amicon  Corp., 
Lexington,  Mass.). 

Ten  milliliters  each  of  the  original  muco- 
sal supernatant  solution  and  concentrated 
(NH4)2S04-soluble  supernate  were  applied 
separately  to  a  2.5  x  87-cm  calibrated 
Sephadex  G-lOO  column  and  eluted  with 
Tris  buffer  mixture.  Columns  were  run  in 
the  upward  direction  by  gravity  flow  with  a 
buffer  flow  rate  of  0.5  ml/min.  Three-milli- 
liter  (60  drop)  fractions  were  collected.  The 
column  calibration  procedure  has  been  de- 
scribed previously  (11).  Fractions  from  gel 
filtration  column  chromatography  of  the 
(NH4)2S04-soluble  supernate  that  contained 
calcium-binding  activity  and  exhibited  only 
several  bands  on  analytical  acrylamide  gel 
electrophoresis  were  pooled  and  concen- 
trated to  1 .0  ml  by  membrane  ultrafiltration 
and  subjected  to  preparative  gel  electropho- 
resis. The  procedures  for  analytical  and  pre- 
parative acrylamide  disk  gel  electrophoresis 
have  been  described  in  detail   previously 

(11). 

Column  fractions  were  assayed  for  total 
protein  concentration  by  the  procedure  of 
Lowry  etal.  ( 1 2 )  and  all  values  expressed  on 
the  basis  of  bovine  serum  albumin  standard 
solutions. 

Calcium-binding  activity  was  assayed  by 
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the  Chelex-100  ion-exchange  procedure  of 
Briggs  and  Fleischman  (13)  as  modified  by 
Wasserman  er  fl/.  (3). 

Double  immunodiffusion  analyses  were 
conducted  in  a  humidified  chamber  at  room 
temperature  on  micro  Ouchterlony  plates 
prepared  with  1 .5%  agar  (special  Agar-No- 
ble,  Difco  Laboratories,  Detroit,  Mich.)  in 
barbital  buffer  (pH  8.6;  ionic  strength, 
0.075).  Preparation  and  demonstration  of 
the  specificity  of  the  antiserum  have  been 
described  previously  (14).  Twenty-microli- 
ter  aliquots  of  both  sample  and  specific  anti- 
serum were  applied  to  the  agar  wells  and 
diffusion  allowed  to  continue  for  24  hr. 

Immunoelectrophoresis  was  performed 
by  first  subjecting  samples  to  analytical  dis- 
continuous gel  electrophoresis  in  10%  acryl- 
amide.  At  the  completion  of  electrophore- 
sis, gels  were  slit  longitudinally  and  one-half 
of  each  gel  embedded  in  1.5%  agar  on  a 
microscope  slide.  A  slot  was  then  cut  in  the 
agar  parallel  to  the  gel  and  specific  antise- 
rum added.  Diffusion  was  allowed  to  con- 
tinue for  24  hr  at  room  temperature  in  a 
humidified  compartment. 

The  radial  immunodiffusion  procedure  of 
Mancini  et  al.  (15)  as  modified  by  L6pez 
and  Golder  (16)  was  employed  for  quantita- 
tive immunoanalysis  of  calcium-binding  pro- 
tein in  some  instances.  Specific  antiserum 
was  dissolved  in  1.5%  agar  (in  barbital 
buffer,  pH  8.6)  at  a  concentration  of  4% 
and  0.5  ml  of  the  mixture  delivered  to  cylin- 
drical wells  (4-mm  deep  x  14-mm  diame- 
ter) and  allowed  to  harden.  Three-millime- 
ter holes  were  cut  in  the  center  of  each  well 
and  a  20-/li1  sample  placed  therein.  Diffu- 
sion was  allowed  to  proceed  for  24  hr,  after 
which  the  diameter  of  the  precipitin  rings 
were  measured.  Concentration  of  calcium- 
binding  protein  was  determined  from  a 
semi-log  plot  of  standard  protein  solutions. 

Amino  acid  analyses  were  conducted  es- 
sentially according  to  the  method  of  Moore 
and  Stein  (17)  with  the  aid  of  a  Beckman 
model  120  C  amino  acid  analyzer.  Approxi- 
mately 0.5  mg  of  lyophilized  calcium-bind- 
ing protein  was  hydrolyzed  in  6  N  HCI, 
under  vacuum,  at  110°  for  22  hr.  HCI  was 
removed  by  rotary  evaporation  at  40°  and 
samples  were  brought  to  1 . 1  ml  with  pH  2.2 
sample-diluting    buffer.    One-half-milliliter 


aliquots  were  applied  in  duplicate  to  both 
the  long  and  short  columns  for  analysis. 

Results  and  Discussion.  The  results  of  gel 
filtration  column  chromatography  on  the 
original  mucosal  supernatant  and  the 
(NH4)2S04-soluble  supernatant  solutions 
from  hen  uterus  are  shown  in  Fig.  1.  In- 
cluded for  comparison  is  a  chromatographic 
elution  profile  of  the  original  supernatant 
solution  from  chick  intestinal  mucosa  ob- 
tained under  identical  conditions.  On  the 
basis  of  previous  column  calibration  runs,  a 
Ve/Vo  ratio  of  2.0  was  obtained  for  each  of 
the  sample  runs  in  Fig.  1 ,  corresponding  to  a 
molecular  weight  of  about  28,000.  As  indi- 
cated above,  the  calcium-binding  profile  for 
the  original  chick  intestinal  supernate  and 
the  concentrated  uterine  (NH4)2S04-soluble 
supernate  were  easily  obtained  by  means  of 
the  Chelex-100  ion  exchange  procedure,  i 
However,  the  method  lacked  sufficient  sen-  j 
sitivity  when  applied  to  the  original  uterine 
supernatant  solution  due  to  the  low  concen- 
trations of  protein  therein,  as  verified  by 
quantitative  measurements  of  calcium-bind- 
ing protein  concentration  by  radial  immuno- 
diffusion. Therefore,  the  elution  profile  of 
original  uterine  supernate  was  determined 
by  the  use  of  the  sensitive  radial  immunoas- 
say procedure.  With  this  procedure,  it  was 
clearly  shown  that  the  column  fractions  con- 
taining uterine  calcium-binding  protein 
eluted  in  essentially  the  same  volume  as  the 
calcium-binding  activity  peak  from  chick  in- 
testinal supernate  and  the  concentrated 
(NH4)2S04-soluble  preparation  from  the 
hen  uterus. 

Bar  and  Hurwitz  (10)  have  recently  re- 
ported a  slightly  greater  molecular  size  for 
the  uterine  protein  as  compared  to  the  intes- 
tinal calcium-binding  protein  on  the  basis  of 
SDS  acrylamide  gel  electrophoresis.  In  the 
present  study,  estimation  of  molecular  size 
by  gel  filtration  column  chromatography 
showed  essentially  no  difference  in  molecu- 
lar size  for  the  two  proteins.  Both  were 
estimated  to  be  approximately  28,000  dal- 
tons,  a  value  which  has  been  confirmed  pre- 
viously for  the  chick  intestinal  calcium-bind- 
ing protein  by  gel  filtration  (3,  18),  SDS 
acrylamide  gel  electrophoresis  (19),  and 
amino  acid  compositional  studies  (18,  19). 
Furthermore,  on  SDS  acrylamide  gel  elec- 
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Fig.  1 .  Separation  of  original  and  (NH4)2S04  soluble  proteins  from  hen  uterus  by  gel  filtration  on  Sephadex 
G-100.  Included  for  comparison  is  a  similar  elution  profile  run  on  original  supernatant  solution  from  chick 
intestinal  mucosa.  (• •),  Total  protein;  (O O),  Ca-binding  activity. 


trophoresis,  the  hen  uterine  and  chick  intes- 
tinal calcium-binding  protein  migrated  coin- 
ciden tally  on  a  single  gel,  again  suggesting 
identity. 

Double  immunodiffusion  analyses  of  pur- 
ified hen  uterine  calcium-binding  protein 
and  intestinal  calcium-binding  protein  are 
shown  in  Fig.  2.  Immunological  identity  of 
the  two  proteins  is  verified  by  total  coales- 
cence of  the  precipitin  lines  resulting  from 
each .  From  the  immunoelectrophoresis 
studies  (Fig.  3),  the  location  of  the  precipi- 
tin arc  in  the  embedded  gels,  and  the  pro- 
tein bands  in  the  stained  gels  showed  that 


n9n    A  9' A 


Fig.  2.  Double  immunodiffusion  analysis  per- 
formed on  the  original  supernatant  solutions  (A)  and 
purified  calcium-binding  proteins  (B)  from  hen  uterus 
(U)  and  intestine  (1).  Diffusion  against  antiserum  spe- 
cific for  chick  intestinal  calcium-binding  protein  (center 
wells). 
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Fig.  3.  Immunoelectrophoresis  performed  on  supernatant  solutions  (left)  and  purified  calcium-binding  pnv 
teins  (right)  from  hen  uterus  (U)  and  intestine  (I).  Amounts  applied  to  stained  gels  were,  as  follows:  utenne 
supernate,  200  ^1;  intestinal  supernate,  20  ^1;  purified  uterine  calcium-binding  protein,  20  /xg;  purified  intestinal 
calcium-binding  protein,  20  fig.  Amounts  applied  to  gels  embedded  for  immunoelectrophoresis  were:  utcnnc 
supernatant.  50  ^1;  intestinal  supernatant,  20  ^1;  purified  uterine  calcium-binding  protein,  10/xg;  purified 
intestinal  calcium-binding  protein,  10  /xg.  Electrophoresis  was  toward  the  anode  (bottom). 


the  chick  intestinal  and  hen  uterine  calcium- 
binding  proteins  were  electrophoretically 
identical. 

The  results  of  amino  acid  analyses  per- 
formed on  22-hr  acid  hydrolysates  of  puri- 
fied chick  intestinal  and  hen  uterine  cal- 
cium-binding proteins  arc  shown  in  Table  I. 
Essentially  no  significant  differences  in  com- 
position exist  between  calcium-binding  pro- 
teins isolated  from  these  sources. 

The  evidence  presented  in  this  study  sug- 
gests that  calcium-binding  proteins  isolated 
from  laying  hen  uterus  and  chick  intestinal 
mucosa  are  identical  with  respect  to  electro- 
phoretic  mobility,  immunological  reactivity, 
molecular  size,  and  amino  acid  composition. 

Summary.  Calcium-binding  proteins  from 
the  chick  intestine  and  uterus  of  the  laying 
hen  {Gallus  domesticus)  were  isolated  and 
purified  by  identical  methods.  Proteins  from 
each  source  were  shown  to  exhibit  identical 
electrophoretic  mobility  and  were  immuno- 
logically identical.  Estimation  of  molecular 
size  by  gel  filtration  indicated  a  value  of 
approximately  28,000  daltons  for  both  the 


TABLE  I.  Amino  Acid  Composition  of  Chick 

Intestinal  and  Hen  Uterine  Calcium-Binding 

Proteins. 


Residues/molecule 

Chick  intes- 

tine 

Hen  uterus 

Lysine 

23.3 

23.3 

Histidine 

4.3 

4.3 

Arginine 

5.8 

5.6 

Aspartic  acid 

29.5 

28.7 

Threonine 

8.9 

8.7 

Serine 

9.2 

9.2 

Glutamic  acid 

34.6 

35.7 

Proline 

2.8 

3.0 

Glycine 

13.3 

13.1 

Alanine 

16.6 

16.6 

'/2-Cvstine 

ND* 

ND* 

Valine 

5.0 

5.0 

Methionine 

6.9 

6.1 

Isoleucine 

10.6 

10.8 

Leucine 

27.6 

27.2 

Tyrosine 

6.5 

6.2 

Phenylalanine 

13.4 

13.3 

*  ND  is  not  determined. 

chick  intestinal  and  hen  uterine  calcium- 
binding  proteins.  The  amino  acid  composi- 
tions of  chick  intestinal  and  hen  uterine  cal- 
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um-binding  proteins  were  essentially  iden- 
:al. 
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Digitalis  and  its  derivatives  are  the  drugs 
of  choice  in  the  treatment  of  congestive 
heart  failure,  although,  despite  the  many 
studies  on  the  pharmacology  of  this  class  of 
compounds,  their  mode  of  action  is  still  un- 
clear. 

Their  effect  on  blood  pressure  is  reported 
to  depend  on  the  integrity  of  reflexogenic 
areas  of  the  cardiovascular  system  (1)  and 
the  presence  or  absence  of  heart  disease  (2). 
Therefore,  in  response  to  glycoside  adminis- 
tration, blood  pressure  may  increase  (3-5), 
decrease  (6,  7),  or  not  change  (8). 

Selye  (9)  reported  that  rats  treated  with 
digitoxin  (in  conjunction  with  disodium 
phosphate  and  corn  oil)  develop  nonocclu- 
sive  myocardial  necrosis.  This  is  apparently 
due  to  increased  metabolic  demand,  which 
was  prevented  by  simultaneous  administra- 
tion of  various  substances  including  spirono- 
lactone, an  antimineralocorticoid  that  is  be- 
lieved to  promote  potassium-sparing.  In  this 
regard,  potassium  salts  or  potassium-sparing 
agents  similarly  protect  the  rat  from  the 
toxic  effects  of  digitalis  (10). 

Preliminary  studies  performed  in  this  lab- 
oratory on  spontaneously  hypertensive  (SH) 
rats  of  the  Okamoto-Aoki  strain  indicate 
that  cardiac  glycosides  may  exert  a  hypoten- 
sive effect  (unpublished  observations). 

This  is  a  report  on  the  effect  of  digitoxin 
treatment  on  the  course  of  hypertension  in- 
duced by  adrenal  compression  in  rats  (11, 
12).  The  cause  of  this  type  of  hypertension, 
like  that  of  adrenal  regeneration  hyperten- 
sion (ARH)  (13),  is  uncertain,  but  pre- 
sumed to  be  due  to  an  excessive  secretion  of 
one  or  more  mineralocorticoids. 

Materials  and  methods.  Thirty  female 
Sprague-Dawley  rats  weighing  75-90  g 
were  divided  into  three  equal  groups,  right- 
nephrectomized,  and  given  1%  saline  solu- 

'  Supported  by  Research  Grants  No.  HL  0991 1  and 
No.  HL  15319  from  the  National  Heart  and  Lung 
Institute. 


tion  to  drink  and  laboratory  chow  ad  libi- 
tum. In  addition,  groups  1  and  2  underwent 
bilateral  adrenal  compression  for  the  induc- 
tion of  hypertension  (11).  Group  3  rats 
which  served  as  controls  had  the  adrenals 
explored  but  not  compressed. 

From  the  eighth  day  postoperatively,  the 
earliest  time  at  which  hypertension  could  be 
expected  to  occur,  until  the  twenty-sixth 
day,  all  rats  were  given  1  ml  of  0.9%  saline 
per  100  g  body  wt  daily  by  gavage.  In  the 
case  of  group  2,  each  milliliter  contained, 
suspended,  0.5  mg  of  digitoxin  powder 
(Parke,  Davis  &  Co.,  Detroit,  Mich.). 

Weekly  systolic  blood  pressure,  electro- 
cardiogram (ECG),  and  heart  rate  record- 
ings were  obtained  on  unanesthetized  ani- 
mals using  a  Narco-Biosystems  PE-300  Pro- 
grammed Electrosphygmomanometer  and 
appropriate  modules  attached  to  a  DMP-4B 
Physiograph  (Narco-Biosystems,  Inc., 
Houston,  Texas).  Pressures  in  excess  of  150 
mm  Hg  were  regarded  as  indicative  of  hy- 
pertension. 

On  Day  27,  the  rats  were  sacrificed  with 
an  overdose  of  ether  and  autopsied.  Various 
organs  were  removed,  examined  for  lesions, 
and  placed  in  fixative  (10%  neutral  for- 
malin). The  organs  were  subsequently 
weighed  and  the  weights  expressed  as  mg 
per  100  g  of  final  body  weight.  The  lesions 
were  graded  by  modified  established  criteria 
(14)  as  follows:  0  indicates  no  abnormality: 
1,  few  small  nodules,  hypertrophy;  2,  mod- 
erately nodular  with  some  mottling;  3. 
greater  nodularity,  mottled  with  red  spots: 
4,  rough,  mottled,  and  flea-bitten  appear- 
ance. The  average  severity  of  lesions  was 
obtained  by  dividing  the  total  score  by  the 
number  of  rats  in  the  group. 

The  two-tailed  Student's/  test  was  used  to 
determine  the  significance  of  differences  be- 
tween group  means.  Confidence  limit  was 
set  at  the  5%  level,  a  P  value  of  0.05  or  less 
indicating  significance. 

Results.    Blood   pressure.    Two    rats  in 
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1  (compressed  adrenals;  not  given 
:in)  died  the  first  week;  one  of  pneu- 
,  the  other  of  hydronephrosis.  Data 
se  are  not  reported  here.  In  the  survi- 
ystolic  pressure  rose  rapidly  so  that  by 
5,  five  of  eight  rats  had  pressures 
g  from  157-197  mm  Hg.  By  Day  25, 
imals  had  readings  in  excess  of  150 
Ig  (164-230  mm  Hg).  The  averages 
ignificantly  different  (P  <  0.03)  from 
•Is  on  all  occasions  after  the  first  week. 
;roup  2  (digitoxin-treated),  only  one 
3wed  definite  hypertension  on  all  oc- 
s  and  two  others  had  pressures  slightly 
150  mm  Hg  by  Day  15.  By  Day  25,  8 
animals  were  hypertensive  (160-210 
Ig).  The  rat  which  became  hyperten- 
irly  became  severely  so  (210  mm  Hg). 
vcrages  for  this  group  were  higher 
hose  of  controls,  but  not  significantly 
any  occasion  (P  >  0.07).  No  ECG 
Tialities  such  as  T  wave  inversion  or 
3lock  were  noted  to  occur. 
?e  of  the  10  rats  in  group  3  became 
ensive  (155-214  mm  Hg).  The  blood 
res  are  depicted  in  Fig.  1 . 
y  weight.  Rats  treated  with  digitoxin 
d  a  slightly  depressed  growth  rate, 
theless,  there  was  no  difference  in  the 
A^eight  between  adrenal-compressed 
ceiving  digitoxin  and  those  given  sa- 
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1 .  Before  treatment  became  effective  (first  es- 
),  there  were  no  differences  between  the  group 
systolic  pressures.  Thereafter  the  pressures  of 
d  experimental  rats  were  significantly  higher 
zontrols  on  all  occasions  {P  <  0.03).  whereas 
digitoxin-treated  rats  occupied  an  intermediate 
nd  were  not  significantly  higher  on  any  occa- 
>  0.07). 


line,  because  the  latter  became  ill  as  a  result 
of  very  severe  hypertension.  Neither  group, 
however,  differed  significantly  from  control 
(Table  I). 

Organ  weights.  Untreated  rats  with  com- 
pressed adrenals  had  greatly  enlarged 
hearts,  kidneys  and  adrenals,  atrophic  thy- 
mus glands,  and  very  severe  renal  lesions 
(Table  I).  In  contrast,  although  there  was 
slight  cardiac  hypertrophy  in  the  digitoxin- 
treated  group,  kidney  enlargement  did  not 
occur.  Furthermore,  except  for  two  of  the 
rats  which  developed  moderately  severe  hy- 
pertension and  nephrosclerosis,  such  organs 
from  digitoxin  rats  were  indistinguishable 
from  controls  and  neither  adrenal  enlarge- 
ment nor  thymic  atrophy  occurred. 

Discussion.  Although  digitoxin  treatment 
instituted  one  week  following  adrenal 
compression  did  not  entirely  prevent  the 
development  of  hypertension,  it  did  never- 
theless retard  the  process,  ameliorate  its  se- 
verity, and  reduce  lesion  formation  (as  ob- 
served macroscopically)  in  the  kidneys.  It 
remains  to  be  seen  whether  or  not  digitoxin 
(at  0.5  mg/ml/100  g  of  body  weight  by  ga- 
vage)  would  be  more  effective  in  abrogating 
adrenal-compression  hypertension  if  treat- 
ment were  started  immediately  following 
sensitization  (adrenal  compression,  unine- 
phrectomy  and  1%  NaCl  feeding)  rather 
than  deferring  treatment  until  hypertensive 
changes  were  expected  to  appear. 

Digitoxin  would  presumably  also  be  effec- 
tive in  other  forms  of  adrenal  injury  hyper- 
tension (enucleation,  puncture)  and  perhaps 
hypertension  due  to  steroid  overdosage. 

The  mechanism(s)  by  which  digitoxin 
modulates  the  hypertensive  process  is(are) 
uncertain.  The  glycoside  may  exert  its  effect 
on  baroreceptors  (15)  causing  them  to  re- 
spond "effectively"  in  counteracting  pres- 
sure elevations. 

Another  possibility  is  that,  because  of  its 
structural  similarities,  digitoxin  competes 
with  the  hypertensogenic  steroid  for  miner- 
alocorticoid  receptors  thereby  normalizing 
electrolyte  balance.  Selye  et  al.  (16)  have 
reported  that  spironolactone  antagonizes 
digitoxin-induced  arrhythmias  and  prevents 
myocardial  lesion  formation.  Other  sub- 
stances as  well  exhibit  antagonistic  effects 
to  digitoxin  and  other  digitalis  drugs.  For 


244 


ANTIHYPERTENSIVE    EFFECT   OF   DIGITOXIN 


TABLE  I.  Pertinent  Findings  in  Rats  with  Compressed  Adrenals,  with  and  without  Digitoxin 

Treatment. 


Group  1 
Compressed  adrenals 


Group  2 
Compressed  adrenals  Group  3 

+  digitoxin  Controls 


Number  of  animals 


(Initial 
1  Final 

Body  weight  (g)  \^^^^^ 

Incidence  of  hypertension*  (%) 

Renal  lesions  JIncidence  (%) 

(Seventy 

{Heart 
Thymus 
Adrenals 


10 

10 

10 

8 

10 

10 

84  ±  2- 

85  ±  1 

85  ±  1 

153  ±  9 

153  ±  6 

170  ±  7 

100 

80 

30 

86 

20 

0 

2.4 

0.5 

0 

481  ±  28^ 

412  ±  16* 

358  ±  13 

893  ±  54*^ 

719  ±  33 

694  ±  21 

81  ±  32*^ 

154  ±  9 

160  ±  14 

44.2  ±  4.6^ 

36.0  ±  2.7 

32.7  -  1.4 

"  Mean  ±  SE. 

"  Different  from  control  group  {P  <  0.05). 

''  Different  from  other  experimental  group  (P  <  0.05). 

•  Systolic  pressure  150  mm  Hg  or  greater. 


instance,  whereas  toxic  doses  of  ouabain  (97 
mg/kg,  ip)  will  kill  the  animals  within  40-50 
min,  ATP  (50  mg/kg,  pH  7.2)  injection  im- 
mediately following  administration  of  oua- 
bain not  only  protects  the  rat  from  death, 
but  also  from  any  cardiac  rhythm  disturb- 
ances (17). 

In  terms  of  blood  pressure  response, 
there  are  reports  that  glycosides  cause  pres- 
sure elevation  in  anesthetized  (3,  5)  as  well 
as  conscious  animals  (18)  and  in  both  pa- 
tients free  of  (19)  and  affected  by  cardiovas- 
cular disease  (20).  On  the  other  hand,  there 
is  an  indication  that  they  exert  both  a  hypo- 
tensive (6,  7)  and  other  protective  effects, 
thus  reducing  morbidity  and  mortality  from 
cardiac  failure  due  to  aortic  constriction  (2) 
and  shock  (21,  22). 

Of  particular  significance  is  the  finding 
that  in  addition  to  antagonizing  cardiac  (2) 
and  renal  (vide  supra)  hypertrophy,  digi- 
toxin inhibited  lesion  formation  in  these  or- 
gans, in  spite  of  the  moderate  hypertension 
observed  in  this  experiment.  It  also  pre- 
vented the  thymus  involution  and  adrenal 
enlargement,  changes  associated  with  the 
stress  state  evoked  by  severe  hypertension. 

Summary.  Bilateral  compression  of  the 
adrenal  glands  combined  in  mononephrec- 
tomy  and  followed  by  the  imposition  of  a 
high  NaCl  intake  resulted  in  severe  hyper- 
tension in  all  rats  so  treated.  It  was  accom- 
panied by  enlargement  of  the  heart,  kid- 
neys, and  adrenal  glands,  atrophy  of  the 
thymus,  and  the  occurrence  of  severe  neph- 


rosclerosis. Digitoxin  treatment  delayed  the 
onset,  reduced  the  incidence,  and  amelio- 
rated the  magnitude  of  the  hypertensive  re- 
sponse in  such  animals;  it  also  reduced  the 
degree  of  cardiac  hypertrophy  and  the  se- 
verity of  nephrosclerosis  and  completely 
prevented  enlargement  of  the  adrenals  and 
kidneys  and  atrophy  of  the  thymus. 
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Accumulating  evidence  suggests  the  pos- 
sibility that,  in  the  adrenal  cortex,  the  se- 
quence of  reactions  from  cholesterol  to  cor- 
ticosterone  or  Cortisol  may  be  functionally  a 
highly  integrated  system.  In  addition  to  the 
primary  control  by  the  adrenocorticotropic 
hormone  (ACTH)  which  takes  place  at  the 
transformation  of  cholesterol  to  pregneno- 
lone, a  series  of  secondary  controls  of  the 
steroidogenic  pathway  appear  to  be  present. 
Thus,  a  number  of  investigations  have 
shown  a  relationship  between  steroid  11/3- 
hydroxylation  and  oxidative  phosphoryla- 
tion (1-5)  and  steroid  11 /3-hydroxylation 
can  inhibit  the  conversion  of  cholesterol  to 
pregnenolone  but  the  reverse  situation  does 
not  occur  (6).  Ca^"*^  has  been  found  to  stimu- 
late both  pregnenolone  synthesis  (7)  and 
11/3-hydroxylase  (8).  Reduced  NAD^  in- 
hibits the  formation  of  progesterone  from 
pregnenolone  and  this  inhibition  can  be  re- 
versed by  ascorbic  acid  and  other  substances 
(9).  Both  NAD^  and  NADH  stimulate  A5- 
3-keto-steroid  isomerase  (10). 

It  has  been  found  recently  that  the  succi- 
nate supported  1 1  )3-hydroxylation  of  deoxy- 
corticosterone (DOC)  to  form  corticoster- 
one  in  rat  adrenal  mitochondria  is  inhibited 
by  ADP  (11).  Much  of  the  data  can  be 
explained  on  the  basis  of  a  competition  for 
reducing  equivalents  between  the  hydroxyl- 
ase system  and  the  cytochrome  chain.  How- 
ever, some  observations  suggested  the  pos- 
sibility that  ADP  may  also  effect  the  hy- 
droxylase system  directly.  In  this  report  data 
is  presented  which  indicate  that  ADP  can 
indeed  directly  inhibit  steroid  11 /3-hydrox- 
ylation. 

Materials  and  methods.  Mitochondria 
were  prepared  from  rat  adrenals  as  de- 
scribed previously  (12).  Following  the  sec- 
ond 0.25  M  sucrose  wash,  the  mitochondrial 

'  This  work  has  been  supported  by  Grant  No.  AM- 
J336J  from  the  United  Stales  Public  Health  Service. 


pellet  was  suspended  in  a  volume  of  12  nnVf 
Tris,  pH  7.5,  equal  to  that  of  the  original 
homogenate  (90  mg  wet  weight  of  tissue  per 
ml)  and  contained  2.0  to  2.5  mg  of  protein 
per  ml  as  determined  by  the  method  of 
Lowry  et  al.  (13). 

The  complete  system  for  the  1 1-hydroxyl- 
ation  of  deoxycorticosterone  (DOC)  to 
form  corticosterone  consisted  of  0.2  ml  of 
the  mitochondrial  preparation,  36  mM  Tris, 
pH  7.5,  20  mAf  CaC^,  30  fiM  DOC,  0.07 
ml  of  NADPH  prepared  by  a  preliminary 
incubation  for  15  min  at  room  temperature 
of  a  solution  containing,  per  ml,  25  /imol  of 
NaNADP^,  70  of  /itmole  Naj  glucose-6-P, 
and  about  2000  units  of  glucose-6-P  dehy- 
drogenase, other  additions  as  indicated  and 
0.25  M  sucrose  to  a  final  volume  of  1 .25  ml. 
The  DOC  was  added  in  0.01  ml  of  ethanol 
and  an  incubation  control  with  0.01  ml  of 
ethanol  without  DOC  was  routinely  carried 
out.  The  incubations  were  carried  out  at  20° 
in  a  Dubanoff  shaking  incubator  for  6  min. 
at  which  time  0.4-ml  aliquots  were  delivered 
into  3  ml  of  dichloromethane  and,  after 
shaking  and  centrifugation,  2  ml  of  the  di- 
chloromethane taken  for  corticosterone  de- 
termination by  a  modification  (12)  of  the 
fluorometric  method  of  Click  et  al.  (14). 

Results.  The  incubation  conditions  used 
permit  the  1 1  )3-hydroxylation  of  deoxycorti- 
costerone to  be  supported  directly  by  exoge- 
nous NADPH.  This  would  obviate  a  compe- 
tition by  the  hydroxylase  and  the  cyto- 
chrome chain  for  reducing  equivalents  de- 
rived from  a  Krebs  cycle  acid  such  as  succi- 
nate. It  is  seen  from  the  data  in  Table  I  that 
1 1  )3-hydroxylase  supported  by  NADPH  as 
the  source  of  electrons  is  inhibited  by  ADP 
and  ATP.  ADP  is  more  inhibitory  than 
ATP,  as  was  found  with  intact  mitochondria 
(11)  and  that  a  clear  inhibition  is  seen  at 
concentrations  as  low  as  50  /utAf . 

Ca^^,  which  is  present  in  these  incuba- 
tions, is  known  to  induce  swelling  in  adrenal 
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TABLE  I.  The  Effect  of  ADP  and  ATP  on  the 

Formation  of  Corticosterone  from 

Deoxycorticosterone. 


TABLE  II.  The  Inhibition  of  H-Hydroxylation 

BY  ADP  IN  THE  Presence  of  Various 

Detergents." 


ADP 

ATP 

Nucleo- 

nmole 

Per- 

nmole 

Per- 

tide con- 

corticos- 

cen- 

corticos- 

cen- 

centration 

terone 

tage 

terone 

tage 

(mAf) 

per  ml 

change 

per  ml 

change 

0 

13.0 

13.0 

0.01 

13.0 

0 

13.4 

0 

0.05 

9.07 

-30 

12.1 

-7 

0.10 

6.34 

-51 

11.5 

-12 

0.50 

2.88 

-78 

7.06 

-46 

1.0 

1.58 

-88 

4.90 

-62 

mitochondria  (8,  15)  and  ADP  and  ATP 
have  been  found  to  inhibit  this  swelling 
(15).  The  inhibition  of  the  11 -hydroxylase 
by  ADP  may  result  from  a  modification  of 
the  mitochondrial  membranes  so  that  the 
entry  of  NADPH  is  affected.  Several  experi- 
ments were  carried  out  to  explore  this  possi- 
bility. The  data  in  Table  II  show  that  the 
presence  of  several  different  types  of  deter- 
gents, which  would  be  expected  to  disrupt 
mitochondrial  structure,  the  inhibition  by 
ADP  persists.  In  the  presence  of  some  de- 
tergents the  sensitivity  of  the  hydroxylase  to 
Ca^^  changes  and  Ca^"*^  concentration  has 
been  adjusted  to  obtain  maximal  activity. 

In  the  experiments  presented  in  Table  III 
the  effects  on  the  ADP  inhibition  of  prein- 
cubation of  the  mitochondria  under  various 
conditions  has  been  determined.  It  is  seen 
that  the  ADP  inhibition  is  still  present  after 
a  10-min  preincubation  in  the  presence  of 
Ca^^,  NADPH,  and  ADP  or  in  the  presence 
of  Ca^^  and  NADPH.  There  is  a  small  de- 
crease in  the  inhibition  under  the  latter 
preincubation  condition. 

Discussion,  A  number  of  observations  in- 
dicates that  the  ADP  effect  is  due  to  an 
action  directly  upon  the  hydroxylase  system. 
The  ADP  inhibition  persists  in  the  presence 
of  various  detergents  as  well  as  when  the 
mitochondria  are  preincubated  with  Ca^^ 
and  NADPH  where  the  possibility  of  an 
ADP  induced  impairment  of  NADPH  entry 
into  the  mitochondrial  membranes  is  not 
present.  In  support  of  this  conclusion  is  the 
observation  that  while  ADP  is  more  inhibi- 
tory than  ATP,  ATP  is  more  effective  than 
ADP  in  preventing  the  Ca^^  induced  swell- 
ing of  adrenal  mitochondria  (15).  The  ADP 
inhibition    of    1 1  ^-hydroxylase    activity    is 


ADP 

Addition 

nmole 
corticosterone/ml 

Percentage 
change 

Lubrol 

Triton  X-100 
Deoxycholate 

18.0  1.8 
13.8             1.5 

18.1  5.8 

-90 
-89 
-68 

"  ADP,  when  present,  was  2  mAf.  The  concentra- 
tions of  the  detergents,  per  milliliter  of  incubation  me- 
dium, were  Lubrol,  40  ^g;  Triton  X-100,  80  fig;  Na 
deoxycholate,  80  /xM.  Ca^'^  concentrations  in  incuba- 
tions with  Lubrol  was  20  mAf,  and  in  those  with  Triton 
X-100  and  deoxycholate  were  8  mAf. 

TABLE  III.  The  Effect  of  Preincubation  in 

THE  Absence  and  Presence  of  ADP  on  the 

Inhibition  of  U -Hydroxylase  by  ADP." 


ADP 

Preincu- 
bation 

nmole  corticosterone/ml 

Percentage 
change 

A 
B 
C 

17.2                1.5 

22.2  5.2 

21.3  2.3 

-91 
-77 
-89 

"  Preincubation:  A,  none.  B.  10  min  with  the  com- 
plete system  except  for  DOC.  ADP,  when  present,  was 
added  in  the  final  incubation .  The  reaction  was  started 
with  DOC.  C,  the  preincubation  was  the  same  as  in  B 
except  that  ADP,  when  added,  was  present  during  the 
preincubation.  The  reaction  was  started  with  DOC. 
ADP,  when  present,  was  2  mAf. 

somewhat  less  when  the  mitochondria  are 
preincubated  with  Ca^^  and  NADPH  (77%) 
than  when  ADP  is  also  present  during  this 
preincubation  (89%).  This  may  indicate  a 
possible  minor  effect  of  ADP  upon  NADPH 
entry  into  the  mitochondrial  membranes. 
Further  work  will  be  required  to  clarify  the 
mechanism  of  the  ADP  inhibition  as  well  as 
the  Ca^^  stimulation  of  this  enzyme  system. 
Summary.  The  1 1  )3-hydroxyIation  of 
deoxycorticosterone  to  form  corticosterone 
in  adrenal  mitochondria  has  been  found  to 
be  inhibited  by  ADP  and  ATP,  with  ADP 
being  the  more  inhibitory  of  the  two.  The 
evidence  suggests  that  the  ADP  directly  af- 
fects the  enzyme  system. 
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n  overload  is  a  major  limiting  factor  in 
fe  expectancy  of  patients  with  severe 
5  of  congenital  hemolytic  anemia  such 
alassemia  major,  particularly  in  those 
nts  who  are  participating  in  hypertrans- 
n  programs.  Treatment  with  iron  che- 
\  agents  has  been  introduced  in  an  at- 
t  to  reduce  excessive  iron  accumulation 
:se  patients.  The  most  commonly  used 
:helating  drug  is  desferrioxamine  (DF), 
1  has  been  shown  to  interact  mainly 
parenchymal  iron  deposits  with  subse- 
t  excretion  in  urine  and  bile  (1).  Perox- 
)n  of  membrane  lipids  and  proteins  was 
ibed  in  thalassemic  erythrocytes  in  as- 
tion  with  markedly  reduced  serum  lev- 
alpha  tocopherol  (vitamin  E)  a  known 
xidant  (2).  Preliminary  studies  have 
n  that  some  parameters  reflecting 
brane  peroxidation  can  be  corrected  by 
dministration  of  large  doses  of  vitamin 
I.  It  is  probable  that  both  antioxidants 
ron  chelating  drugs  will  be  employed 
tancously  in  the  future  management  of 
ssemic  patients.  The  present  study  was 
rtaken  in  order  to  evaluate  the  effect  of 
lin  E  on  the  mobilization  and  excretion 
m  following  DF  administration  to  nor- 
ind  iron  overloaded  rats. 
thods.  Female  Wistar  rats  (Hadassah 
i)  weighing  170  to  200  g  were  used 
ghout.  Injections  were  performed 
gh  the  tail  veins.  Animals  were  sacri- 
under  ether  anesthesia  by  exsanguina- 
into  heparinized  syringes  through  the 
minal  aorta.  Parenteral  iron  overload 
nduced  by  four  consecutive  injections 

ipported  by  Grant  No.  750  from  the  United 
Israel  Binational  Science  Foundation  to  C.H.. 
a  grant  from  the  Chief  Scientist's  Office,  Israeli 
7  of  Health  and  the  Benda  Thalassemia  Re- 
Fund  to  E.A.R. 


of  12  mg  of  iron  dextran  within  2  weeks.  All 
procedures  involving  iron  analysis  were  car- 
ried out  in  iron-free  glassware.  Ferritin  was 
isolated  from  tissue  homogenates  by  the 
method  of  Fulton  and  Ramsay  (4)  employ- 
ing ammonium  sulfate,  incubated  overnight 
in  3  A/  HCl  at  37°  and  its  iron  content  was 
measured  colorimetrically.  Total  non-heme 
iron  was  determined  by  the  method  of  Tor- 
rance and  Bothwell  (5).  Serum  vitamin  E 
levels  were  determined  by  the  method  of 
Hashim  and  Schuttringer  (6). 

Counting  techniques.  The  radioactivity  of 
spleen,  weighed  portions  of  the  liver,  and  1- 
ml  samples  of  blood  were  determined  in  an 
automatic  well-type  scintillation  counter 
(Packard  model  3003  spectrometer).  Whole 
body  counts  were  performed  in  a  small  ani- 
mal counter  (Packard  model  447,  Packard 
Instruments  Co.,  Downers  Grove,  Illinois). 
Radioiron  excretion  was  determined  by 
whole  body  counts  on  the  first  and  last  days 
of  the  study,  with  corrections  for  decay  and 
differences  in  geometry.  Hepatic  radioactiv- 
ity was  determined  by  relating  sample 
counts  to  total  organ  weight.  Residual  ra- 
dioactivity was  defined  as  whole  body  radio- 
activity minus  the  combined  activities  of 
blood,  liver,  and  spleen  (1). 

Preparation  and  initial  processing  of-'^Fe- 
ferritin.  In  v/vo-Iabeled  ferritin  was  pre- 
pared by  injecting  200  fiC'x  citrated  ^^Fe  into 
iron  overloaded  rats.  The  animals  were  sac- 
rificed 24  hr  later,  and  purified  radioactive 
ferritin  was  prepared  by  the  method  of 
Bjorklid  and  Helgeland  (7).  Acrylamide  gel 
electrophoresis  of  the  ferritin  preparation  at 
pH  8.5  produced  a  single  protein  band,  and 
a  single  precipitin  line  was  demonstrated  on 
immunodiffusion  against  antiferritin  serum. 
The  specific  activity  of  radioferritin  was  4 
fiCi  per  mg  iron.  The  initial  processing  of 
soluble  ferritin  ^^Fe  has  been  described  in 
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detail  in  a  previous  communication  (1). 
Briefly,  89  ±  1%  of  the  injected  dose  were 
located  to  the  liver  within  1  hr.  The  cellular 
distribution  of  radioactivity  in  the  liver,  de- 
termined by  a  quantitative  autoradiographic 
method  (8)  was  0  to  3%  in  R.E.  cells  and  97 
to  100%  in  hepatic  parenchymal  cells.  The 
half  time  disappearance  of  intravenously  in- 
jected soluble  ferritin  was  16  ±  1  min. 
Within  1  day  of  injection  about  80%  of  the 
hepatic  radioactivity  could  be  recovered  in 
the  ferritin  fraction  of  tissue  homogenates, 
and  the  rest  in  soluble  nonferritin  iron. 

Outline  of  study.  Three  weeks  prior  to 
labeling,  40  rats  were  divided  into  two  equal 
groups  of  normal  and  iron-overloaded  ani- 
mals. In  addition,  half  of  each  group  was 
given  50  i.u.  of  dl-alpha-tocopherol  (Hoff- 
man La  Roche,  Nutley,  New  Jersey)  by  gas- 
tric tube  daily  for  3  weeks  prior  to  radioiron 
labeling,  and  continued  throughout  the 
study.  On  the  first  day  of  study  all  animals 
were  labeled  by  iv  injection  of  ^**Fe  ferritin 
at  a  dose  representing  40  /ig  of  iron  per  rat. 
Thereafter,  one-half  of  each  group  was 
treated  by  injections  of  10  mg  of  DF  (Des- 
ferral,  Ciba  Pharmaceutical  Co.,  Summit, 
N.J.)  twice  daily  for  10  consecutive  days. 

Results.  The  mean  serum  vitamin  E  level 
of  the  normal  and  iron  overloaded  groups  of 
rats  was  0.68  ±  0.15  and  0.95  ±  0.15  mg/dl 
(±  SD),  respectively.  Following  vitamin  E 
administration  there  was  a  twofold  increase 
in  serum  vitamin  E  levels  in  both  groups  to 
1 .43  ±  0.29  and  1 .75  ±  0.21  mg/dl,  respec- 
tively. The  effect  of  vitamin  E  on  iron  chela- 
tion in  normal,  and  iron  overloaded  animals 
was  evaluated  by  the  measurement  of  total 
hepatic  nonheme  iron  and  ferritin  iron 
stores  (Table  I).  In  normal  controls  62  ± 


4%  of  the  total  hepatic  iron  was  found  in 
ferritin.  DF  administration  resulted  in  a  sig- 
nificant reduction  of  ferritin  iron  in  both 
control  and  vitamin  E-treated  groups,  and  a 
similar,  but  less  pronounced  decrease  in  to 
tal  nonheme  iron.  Unlike  normal  animals  in 
iron  overloaded  rats,  DF-induced  reduction 
in  ferritin  iron  and  total  nonheme  iron  was 
completely  inhibited  following  vitamin  E 
administration. 

From  the  above  results,  one  could  not 
distinguish  between  a  direct  effect  of  vi- 
tamin E  and  DF  on  hepatic  iron  stores,  or 
an  extracellular  effect  manifested  indirectly 
in  altered  rates  of  storage  iron  accumula- 
tion. The  former  possibility  was  examined 
by  employing  ^^Fe-ferritin  as  a  selective  pa- 
renchymal radioiron  probe.  As  shown  in 
Table  II,  DF-induced  radioiron  excretion 
was  restricted  to  hepatic  parenchyma.  The 
reduction  in  hepatic  Fe"^**  activity  induced  by 
DF  administration  was  almost  equal  to  the 
enhancement  of  whole  body  ^**Fe  excretion 
found  in  the  same  animals.  No  significant 
changes  in  radioactivity  could  be  observed 
in  any  of  the  other  organs  examined.  Vi- 
tamin E  administration  did  not  alter  radioi- 
ron excretion  following  DF  treatment  in 
normal  rats.  However,  in  iron  overloaded 
rats  the  effect  of  DF  was  completely  abol- 
ished when  vitamin  E  was  given. 

The  possibility  of  a  direct  effect  of  vitamin 
E  on  ferritin  iron  chelation  was  studied  in 
vitro  by  incubating  aliquots  of  ***Fe-ferritin 
representing  50  /ig  of  iron  with  1  mmole  of 
DF  with  or  without  the  addition  of  10  u  of 
vitamin  E,  followed  by  overnight  dialysis  in 
Tris-HCl  buffer  0.175  Af  at  pH  8.4.  Only 
0.2  ±  0.1%  of  the  radioactivity  were  re- 
moved by  dialysis  from  the  control  sample 


TABLE  I.  Total  Hepatic  Non-Heme  Iron  and  Ferritin  Iron." 


Normal 

Iron  Overload 

Treatment 

Nonheme 
1626  ±   106t 
1311  ±  40* 
1588  ±111 
1313  ±   120  n 

.s. 

Ferritin 

1009  ±  98 

560  ±  52*** 
733  ±  72 
551  ±  46* 

Nonheme                          Ferritin 

Control 
Control  -1-  DF 
Vitamin  F 
Vitamin  E  -i-  DF 

15,110  ±  658                    4872  ±  206 
10,602  ±  1277*'              3600  ±  373" 
13,926  ±  1206                 4393  ±  192 
15,425  ±  1066  n.s.          4540  ±  202  n.s. 

"  Micrograms  of  Fe  oer  orean. 
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BLE  II.  Organ  Distribution  of  Radioactivity  at  lOd  (Percentage  of  Injected  **Fe- Ferritin). 


tion                   Treatment 

Blood 

Liver 

Spleen 

Residual 

Excretion 

Control 

14.5  ±  1.6t 

76.5  i  2.5 

0.7  ±0.1 

2.3  ±  0.2 

6.0  ±  0.9 

Control  +  DF 

13.7  ±  0.7 

56.9  i  1.3*- 

0.8  i  0.1 

1.6  ±  1.2 

27.0  ±  0.7*** 

Vitamin  E 

15.3  ±  1.2 

72.9  ±  4.0 

0.7  ±  0.1 

5.4-  3.8 

5.7  ±  1.3 

Vitamin  E  +  DF 

15.4  ±  2.6 

54.2  ±  3.5— 

0.7  ±  0.1 

2.0  ±  2.4 

27.7  ±  0.8*** 

>ad 

Control 

3.8  ±  0.5 

75.9  ±  2.4 

0.8  ±  0.1 

12.1  ±  2.3 

7.4  ±  1.9 

Control  +  DF 

4.8  ±  0.5 

59.9  ±  1.9*** 

0.9  ±  0.1 

18.2  ±3.1 

16.2  ±  1.4*** 

Vitamin  E 

4.1  *0.2 

57.6  ±  8.8 

1.3  ±  0.6 

20.0  ±  9.5 

7.0  ±  0.6 

Vitamin  E  -»^  DF 

5.2  ±  0.6 

69.4  ±  4.1  n.s. 

0.9-  0.1 

15.5  ±  5.8 

9.0  ±  2.3  n.s. 

0.05. 

:0.0I. 

<  O.OOI. 

n  ±  1  SE. 

jt  DF,  as  compared  to  27.7  ±  0.1% 
DF  and  28.9  +  0.9%  with  DF  and 
n  E. 

:u5sion.  The  mode  of  action  of  the 
helating  agent  DF  has  been  studied 
;ively  in  man  and  in  experimental  ani- 
9).  Using  selective  radioiron  probes  of 
IS  iron  compartments,  it  was  shown 
)F  interacts  primarily  with  hepatocel- 
ferritin  (1).  Chelated  iron  is  subse- 
ly  eliminated  through  biliary  and  uri- 
xcretion.  DF-induced  iron  excretion  is 
/  related  to  the  magnitude  of  iron 
,  and  its  measurement  is  widely  used 
agnostic  tool  in  the  assessment  of  iron 
ad  (9).  However,  factors  other  than 
ze  of  iron  stores  might  affect  the 
Its  of  iron  removed  by  DF.  Depletion 
imin  C,  often  associated  with  iron  ov- 
,  was  shown  to  reduce  response  to 
Conversely,  vitamin  C  administration 
\  in  a  marked  enhancement  of  DF- 
;d  iron  excretion  (10).  Very  low  se- 
itamin  E  levels  were  found  in  patients 
^thalassemia  major  with  varying  de- 
of  iron  overload  (2).  Thus,  it  was 
ated  that  in  analogy  with  vitamin  C, 
Iministration  of  vitamin  E  might  also 
/  iron  chelation  by  DF. 
iie  present  study,  DF-induced  iron  ex- 
1  was  completely  inhibited  when  vi- 
E  was  administered  in  pharmacologi- 
ses  to  rats  with  iron  overload.  Theo- 
ly,  this  inhibition  could  be  the  result 
ler  (a)  direct  interference  with  ferri- 
^  interaction;  (b)  increased  break- 
3f  DF  by  microsomal  drug-metaboliz- 
tems,  or  (c)  prevention  of  membrane 
peroxidation  in  iron  overloaded  ani- 


mals, resulting  in  reduced  permeability  to 
either  DF  or  the  DF-iron  complex.  The  first 
possibility  is  least  likely  since  in  the  present 
study,  the  addition  of  vitamin  E  did  not 
inhibit  m  vitro  ^®Fe-ferritin  chelation  by  DF. 
Experimental  evidence  in  support  of  vi- 
tamin E  action  on  drug  metabolism  and 
membrane  protection  is  available  (11,  12), 
but  to  what  extent  this  is  related  to  the 
present  findings  is  as  yet  unknown.  The  ina- 
bility to  demonstrate  a  similar  inhibitory  ef- 
fect of  vitamin  E  on  DF-induced  iron  chela- 
tion in  normal  rats  is  probably  explained  by 
their  smaller  ferritin  pool,  for  which  partial 
inhibition  of  a  relative  excess  of  DF  may  not 
be  a  limiting  factor. 

Long-term  clinical  studies  employing  vi- 
tamin E  and  desferrioxamine  in  the  manage- 
ment of  thalassemic  patients  with  transfu- 
sion-induced iron  overload  are  ongoing  in 
several  centers.  The  demonstration  of  an 
inhibitory  effect  of  vitamin  E  on  DF-in- 
duced iron  excretion  may  have  significant 
practical  implications  in  the  planning  of 
therapy  for  thalassemic  patients  with  severe 
secondary  iron  overload. 

Summary.  The  influence  of  vitamin  E  on 
the  mobilization  and  excretion  of  storage 
iron  induced  by  DF  was  studied  in  normal 
and  iron-overloaded  rats.  Vitamin  E  admin- 
istration in  pharmacologic  doses  resulted  in 
complete  inhibition  of  the  effect  of  DF  on 
storage  iron  in  iron-overloaded  rats  while  no 
such  effect  could  be  demonstrated  in  rats 
with  normal  iron  stores.  The  mechanism  of 
the  observed  inhibition  of  DF  action  by  vi- 
tamin E  is  at  present  unknown.  Neverthe- 
less this  drug  interaction  has  to  be  consid- 
ered in  view  of  ongoing  therapeutic  trials 
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where  both  antioxidants  and  iron  chelating 
drugs  are  administered  simultaneously  to 
thalassemic  patients  with  transfusion  in- 
duced iron  overload. 

The  skillful  technical  assistance  of  Ludmilla  Eilon. 
Luda  Gelfand,  and  Aliza  Shifter  is  gratefully  acknowl- 
edged. 
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ailable  data  indicate  that  a  number  of 
additives  are  toxic  when  fed  in  con- 
ion  with  a  purified,  low- fiber  diet  at 
;es  which  have  little,  if  any,  deleterious 
:  when  fed  with  diets  containing  dietary 
(1-6).  However,  marked  differences 
in  the  protective  effect  of  different  die- 
fibers  in  this  regard,  with  blond  psyl- 
seed  powder  being  a  particularly  po- 
ource  of  an  active  factor  or  factors  (6). 
:  present  communication,  data  are  pre- 
d  indicating  that  the  anion  exchange 
cholestyramine  has  activity  similar  to 
)f  blond  psyllium  seed  powder  in  coun- 
:ing  the  toxic  effects  of  massive  doses 
jium  cyclamate  and  amaranth  (FD&C 
Mo.  2)  in  rats  fed  a  purified,  low-fiber 

Kedure  and  results.  The  basal  purified, 
ber  diet  employed  in  the  present  study 
ited  of  sucrose,  66%;  casein,'  24%; 
lixture,^  5%;  cottonseed  oil,  5%;  and 
allowing  vitamins  per  kilogram  of  diet: 
ine  hydrochloride,  5  mg;  riboflavin,  5 
Dyridoxine  hydrochloride,  5  mg;  cal- 
pantothenate,  50  mg;  nicotinic  acid, 
ng;  ascorbic  acid,  200  mg;  para-ami- 
izoic  acid,  200  mg;  inositol,  400  mg; 
,  1  mg;  folic  acid,  5  mg;  vitamin  B,2, 
ig;  2-methyl,  1-4  naphthoquinone,  5 
holine  chloride,  2  g;  vitamin  A,  5,000 
units;  vitamin  Dj,  500  USP  units;  and 
Dpheryl  acetate,  100  mg.  The  vitamins 
added  in  place  of  an  equal  amount  of 
$e.  In  the  initial  experiment  48  male 
f  the  Sprague-Dawley  strain  were  se- 
l  at  an  average  body  weight  of  50.2  g 
*,  44  to  58  g)  and  were  divided  into  8 
arable  groups  of  6  animals  each.  One 
was  fed  the  basal  purified,  low-fiber 
ndicated  above;  a  second  group  was 

itamin-Free   Test  Casein,  Teklad   Test   Diets, 
3n.  Wisconsin. 

ineral  Mix,  U.S.P.  XVII.  Teklad  Test  Diets. 
)n.  Wisconsin. 


fed  the  basal  purified,  low- fiber  diet  +  5% 
sodium  cyclamate;^  the  remaining  groups 
were  fed  the  basal  purified,  low-fiber  diet  + 
5%  cyclamate  +  cholestyramine'*  or  blond 
psyllium  seed  powder  at  the  levels  indicated 
in  Table  I.  Sodium  cyclamate,  cholestyra- 
mine, and  blond  psyllium  seed  powder  were 
incorporated  in  the  diets  in  place  of  an  equal 
amount  of  sucrose.  Animals  were  placed  in 
metal  cages  with  raised  screen  bottoms 
(three  rats  per  cage)  and  were  provided  the 
test  diets  and  water  ad  libitum.  Animals 
were  fed  daily  and  all  food  not  consumed  24 
hr  after  feeding  was  discarded.  Body  weight 
was  recorded  weekly.  Feeding  was  contin- 
ued for  14  days  or  until  death,  whichever 
occurred  sooner. 

In  agreement  with  previous  findings  (3, 
6),  the  addition  of  sodium  cyclamate  at  a 
5%  level  to  the  basal  purified,  low-fiber  diet 
resulted  in  a  highly  significant  retardation  in 
weight  increment,  lack  of  grooming,  varying 
degrees  of  alopecia  and  extensive  diarrhea 
with  watery  and  mushy  stools.  Of  six  rats 
fed  the  latter  diet,  five  succumbed  during 
the  experimental  period  of  14  days.  Blond 
psyllium  seed  powder  when  incorporated  in 
the  latter  diet  had  a  marked  protective  ef- 
fect which  was  proportional  to  the  level  fed. 
The  protective  effect  of  blond  psyllium  seed 
powder  was  particularly  marked  at  the  5% 
level  of  feeding.  In  rats  fed  the  latter  diet 
the  fur  appeared  smooth  and  sleek  and  with 
the  exception  of  a  mild  diarrhea  and  soft  but 
well-formed  stools  the  animals  appeared 
normal  in  gross  appearance.  Cholestyra- 
mine when  fed  with  the  basal  purified,  low- 


^  The  sodium  cyclamate  employed  in  the  present 
experiment  was  kindly  provided  by  Dr.  Ronald  G. 
Wiegand  of  Abbott  Laboratories,  North  Chicago,  Illi- 
nois. 

^  The  cholestyramine  employed  in  the  present  study 
(anhydrous  cholestyramine)  was  kindly  provided  by 
Dr.  Herbert  P.  Sarett  of  the  Mead  Johnson  Research 
Center,  Evansville,  Indiana. 
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TABLE  I.  Comparative  Effects  of  Graded  Lev- 
els OF  Blond  Psyllium  Seed  Powder  and  Cho- 
lestyramine ON  THE  Weight  Increment  of  Im- 
mature Male  Rats  Fed  a  Purihed,  Low-Fiber 
Diet  +  5%  Sodium  Cyclamate  (Six  Animals 
PER  Group).'' 

Average  gain  (g)  in  body 

weight  after  following  days  of 

feeding: 


Dietary  group 


7  days 


14  days 


Basal  purified,  low-     34.3  ±  5.4*       79.8  ±  8.4'' 

fiber  diet 
Purified,      low-fiber       5.8  ±  5.8        19.0  ±  ().() 
diet    +    5%   stv         (4)  (1) 

dium  cyclamate 
Purified,  low-fiber 
diet  -♦-  5%  so- 
dium cyclamate 
-♦-  following  sup- 
plements: 

l'/4%  blond  psyl-       6.6  ±  7.1         24.1  ±  10.4 
lium  seed  pow- 
der 

V/2%  blond  psyl-      17.2  ±  6.6        51.3  ±  5.3 
lium  seed  pow- 
der 

5%  blond  psyllium     31.6  ±  4.8        77.2  ±  7.4 
seed  powder 

1V4%    cholestyra-     12.2  ±  5.6        38.2  ±  9.2 
mine 

2'/2%    cholestyra-     31.0  ±4.7        79.2  ±  7.5 
mine 

5%        cholestyra-     29.3  ±  7.4        75.4  ±  12.8 
mine 

"  The  average  initial  body  weight  of  rats  in  the 
various  groups  was  50.2  g.  The  values  in  parentheses 
indicate  the  number  of  animals  which  survived  and  on 
which  data  arc  based  when  this  number  was  less  than 
the  original  number  per  group. 

"  Standard  error  of  the  mean. 


fiber  +  5%  sodium  cyclamate  diet  also  had 
a  marked  protective  effect.  At  both  the  1  'A 
and  2V2%  levels  of  feeding,  cholestyramine 
promoted  an  increment  in  body  weight 
which  was  in  excess  of  50%  greater  than 
that  of  rats  fed  an  equal  amount  of  blond 
psyllium  seed  powder.  Rats  fed  the  diet  con- 
taining 2V2%  cholestyramine  were  indistin- 
guishable grossly  from  those  fed  the  ration 
containing  5%  blond  psyllium  seed  powder. 
No  deaths  occurred  on  any  of  the  diets  con- 
taining either  the  blond  psyllium  seed  pow- 
der or  cholestyramine  supplements.  The  ef- 
fects of  the  various  diets  on  the  number  of 
animals  surviving  and  the  average  increment 
in  body  weight  are  indicated  in  Table  I. 

Tests  were  next  conducted  on  the  com- 
parative effects  of  cholestyramine  and  other 


anion  exchange  resins  as  well  as  cation  ex- 
change resins  in  counteracting  the  toxic  ef- 
fects induced  by  sodium  cyclamate  when 
incorporated  at  a  5%  level  in  the  basal  puri- 
fied, low-fiber  diet.  Sixty-six  male  rats  of  the 
Sprague-Dawley  strain  were  selected  at  an 
average  body  weight  of  47.7  g  (range  45  to 
50  g)  and  were  divided  into  1 1  comparable 
groups  of  six  animals  each.  One  group  was 
fed  the  basal  purified,  low-fiber  diet;  a  sec- 
ond group  was  fed  the  basal  purified,  low- 
fiber  diet  +  5%  sodium  cyclamate;  the 
remaining  groups  were  fed  the  latter  diet  + 
either  cholestyramine  or  a  strongly  basic  an- 
ion exchange  resin,'*  a  weakly  basic  anion 
exchange  resin,"  a  strongly  acidic  cation  ex- 
change resin, ^  or  a  weakly  acidic  cation  ex- 
change resin**  at  the  levels  indicated  in  Tabic 
II.  Sodium  cyclamate  and  the  anion  and 
cation  exchange  resins  were  incorporated  in 
the  diets  in  place  of  an  equal  amount  of 
sucrose.  The  experimental  procedure  was 
similar  to  that  employed  in  the  initial  experi- 
ment. 

In  agreement  with  findings  in  the  previous 
experiment,  the  addition  of  sodium  cycla- 
mate at  a  5%  level  to  the  basal  purified, 
low-fiber  diet  resulted  in  toxic  manifesta- 
tions similar  to  those  described  above,  ef- 
fects that  were  counteracted  by  the  concur- 
rent administration  of  cholestyramine  at  a 
2V2%  level  in  the  diet.  A  marked  protective 
effect  also  occurred  in  rats  fed  the  strongly 
basic  anion  exchange  resin,  particularly 
when  the  latter  was  fed  at  a  5%  level  in  the 
diet.**  A  moderate  protective  effect  was  ob- 
served in  rats  fed  the  weakly  basic  anion 
exchange  resin.  Both  the  strongly  acidic  and 


*  Amberlite  Ion  Exchange  Resin  No.  3335  (Rohm 
&  Haas  No.  IRA-400);  moisture  content,  42  to  48^; 
Mallinckrodt  Chemical  Works,  St.  Louis.  Missouri. 

"  Amberlite  Ion  Exchange  Resin  No.  3328  (Rohm 
&  Haas  No.  IR-45);  moisture  content,  45%;  Mallinck- 
rodt Chemical  Works,  St.  Louis,  Missouri. 

^  Amberlite  Ion  Exchange  Resin  No.  3323  (Rohm 
&  Haas  No.  IR-120);  moisture  content,  44  to  48^: 
Mallinckrodt  Chemical  Works,  St.  Louis.  Missouri. 

**  Amberlite  Ion  Exchange  Resin  No.  3324  (Rohm 
&  Haas  No.  IRC-50);  moisture  content,  43  to  53%; 
Mallinckrodt  Chemical  Works,  St.  Louis,  Missouri. 

^  Since  the  moisture  content  of  this  product  was 
approximately  50%  (see  footnote  5),  a  5%  supplement 
of  this  material  was  comparable  on  a  dry  weight  basis  to 
a  2V2%  supplement  of  cholestyramine. 


CYCLAMATE    AND    AMARANTH    TOXICITY 


255 


TABLE  II.  Comparative  Efff.cts  of  Cholestyra- 
mine. Other  Anion  Exchange  Resins  and  Cat- 
ion Exchange  Resins  on  the  Weight  Increment 
OF  Immature  Male  Rats  Fed  a  Purified,  Low- 
Fiber  Diet  -♦-  5%  Sodium  Cyclamate  (Six  Ani- 
mals PER  Group)." 


Average  gain  (g)  in  body 
weight  after  following  days  of 

feeding: 

Dietary  group 

7  days 

1 4  days 

Basal   purified,   low- 

37.5  ±  3.2* 

83.0  ±  7.1'' 

fiber  diet 

Purified.       low-fiber 

11.0  ±  2.7 

26.5  ±  7.8 

diet    +    5*^    s(v 

(3) 

(2) 

dium    cyclamate 

Purified,       low-fiber 

diet    +    5%   s(v 

dium    cyclamate 

-^  following  sup- 

plements: 

2'.-^     cholestyra- 

33.8 ±  5.2 

81.2  ±  7.2 

mine 

2"/29r      Amberlite 

17.5  ±  4.1 

53.6  ±7.4 

Ion       Exchange 

Resin  No.  3335, 

a  strongly  basic 

anion    exchange 

resin 

5%  Amberlite  Ion 

30.3  ±4.6 

71.0  ±  3.6 

Exchange  Resin 

No.  3335 

2'  2f^r      Amberlite 

10.6  ±  4.4 

38.2  ±  5.9 

Ion       Exchange 

Resin  No.  3328, 

a   weakly   basic 

anion    exchange 

resin 

5^r  Amberlite  Ion 

13.3  ±  5.3 

52.5  ±  7.7 

Exchange  Resin 

No.  3328 

2'/2^r      Amberlite 

8.0  ±  4.6 

27.0  ±  7.2 

Ion       Exchange 

(3) 

(3) 

Resin  No.  3323. 

a  strongly  acidic 

cation  exchange 

resin 

59f  Amberlite  Ion 

5.2  ±  1.7 

28.5  ±  1.0 

Exchange  Resin 

(5) 

(2) 

No.  3323 

2'/:^      Amberlite 

8.3  ±  2.6 

34.5  ±  2.2 

Ion       Exchange 

(4) 

Resin  No.  3324. 

a  weakly  acidic 

cation  exchange 

resin 

5^  Amberlite  Ion 

-3.0  ±  0.0 

Exchange  Resin 

(1) 

No.  3324 

"  The  average  initial  body  weight  of  rats  in  the 
various  groups  was  47.7  g.  The  values  in  parentheses 
indicate  the  number  of  animals  which  survived  and  on 
Ahich  data  are  based  when  this  number  was  less  than 
the  original  number  per  group. 

*  Standard  error  of  the  mean. 


weakly  acidic  cation  exchange  resins  were 
without  protective  effect.  The  effects  of  the 
various  diets  on  the  number  of  animals  sur- 
viving and  the  average  increment  in  body 
weight  arc  indicated  in  Table  II. 

Tests  were  subsequently  conducted  on  the 
comparative  effects  of  cholestyramine  and 
blond  psyllium  seed  powder  in  counteract- 
ing the  toxic  effects  induced  by  amaranth 
when  incorporated  at  a  5%  level  in  the  basal 
purified,  low-fiber  diet.  Thirty  male  rats  of 
the  Sprague-Dawley  strain  were  selected  at 
an  average  body  weight  of  49.2  g  (range  46 
to  52  g)  and  were  divided  into  five  compara- 
ble groups  of  six  animals  each.  One  group 
was  fed  the  basal  purified,  low- fiber  diet;  a 
second  group  was  fed  the  basal  purified, 
low-fiber  diet  -f  5%  amaranth;'"  the  re- 
maining groups  were  fed  the  latter  diet  + 
either  cholestyramine  or  blond  psyllium 
seed  powder  at  the  levels  indicated  in  Table 
III.  The  experimental  procedure  was  similar 
to  that  employed  above. 

In  agreement  with  previous  findings  (4), 
amaranth  when  incorporated  at  a  5%  level 
in  the  purified,  low-fiber  diet  resulted  in  a 
virtual  cessation  of  growth,  an  unthrifty  ap- 
pearance of  the  fur  (which  was  matted  and 
infiltrated  with  amaranth)  and  death  of  all 
animals  in  this  group  within  the  experimen- 
tal period  of  14  days.  In  contrast  to  the 
above,  the  deleterious  effects  indicated 
above  were  largely  counteracted  by  the  con- 
current administration  of  either  cholestyra- 
mine or  blond  psyllium  seed  powder  at  a 
2V2%  level  in  the  diet.  The  fur  of  rats  fed  the 
latter  supplements  was  not  matted  nor  infil- 
trated with  amaranth  although  it  still  had  an 
unthrifty  appearance  and  a  pink  color  re- 
sulting from  contact  with  the  dye  in  the  diet; 
otherwise  with  the  exception  of  a  small  re- 
tardation in  weight  increment  these  rats 
were  indistinguishable  in  gross  appearance 
from  those  fed  the  basal  purified,  low-fiber 
diet  alone.  Gain  in  body  weight  was  slightly 
greater  in  rats  fed  blond  psyllium  seed  pow- 
der at  a  5%  level  in  the  diet  than  at  a  2V2% 
level;  otherwise  these  rats  were  similar  in 
appearance.  All  rats  fed  either  the  choles- 
tyramine or  blond  psyllium  seed-containing 
diets  survived.  The  effects  of  the  various 

'"  F.D.  &  C.  Red  No.  2  Certified  (Amaranth).  94% 
pure  dye.  H.  Kohnstamm  &  Co..  New  York,  N.Y. 
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TABLE  III.  CoMPAiATivE  Effects  of  Cholestyr- 
amine AND  Blond  Psyllium  Seed  Powder  on  the 
Weight  Increment  of  Immature  Male  Rats  Fed 
A  Purihed,  Low- Fiber  Diet  -♦-  5%  Amaranth 
(Six  Animals  per  Group)." 

Average  gain  (g)  in  Ixxiy 

weight  after  following  days  of 

feeding: 


Dietary  group 


7  days 


14  days 


Basal  purified,  low-     35.2  ±  4.8*        79.2  ±  7.5* 

fiber  diet 
Purified,      low-fiber       9.0  ±  0.0 
diet       +       5%         (1) 
amaranth 
Purified,     low-fiber 
diet       -♦-       5% 
amaranth  -t-  fol- 
lowing   supple- 
ments: 

V/2%  cholestyra-     25.5  ±  4.7         63.7  ±  7.5 
mine 

V/2%  blond  psyl-     24.7  ±  6.6         60.8  ±  5.3 
Hum  seed  pow- 
der 

5%    blond    psyl-     33.7  ±  5.0         72.0  ±  10.2 
lium  seed  pow- 
der 

"  The  average  initial  body  weight  of  rats  in  the 
various  groups  was  49.2  g.  The  values  in  parentheses 
indicate  the  number  of  animals  which  survived  and  on 
which  data  arc  based  when  this  number  was  less  than 
the  original  number  per  group. 

*  Standard  error  of  the  mean. 

diets  on  the  number  of  animals  surviving 
and  the  average  increment  in  body  weight 
are  indicated  in  Table  III. 

Discussion.  Present  findings  indicate  that 
the  toxic  effects  observed  grossly  in  imma- 
ture male  rats  fed  sodium  cyclamate  at  a  5% 
level  in  a  purified,  low-fiber  diet  were  coun- 
teracted by  the  concurrent  administration  of 
the  anion  exchange  resin  cholestyramine  at 
a  2V2%  level  in  the  diet.  Other  anion  ex- 
change resins  were  also  protective  in  this 
regard  with  activity  more  marked  with  a 
strongly  basic  anion  exchange  resin  than  a 
weakly  basic  one.  Cholestyramine  at  a  2'/2% 
level  in  the  diet  was  also  active  in  coun- 
teracting the  toxic  effects  obtained  in  imma- 
ture male  rats  fed  a  purified,  low-fiber  diet 
containing    5%    amaranth."    Inasmuch    as 

"  Subsequent  studies  condueted  in  this  laboratory 


blond  psyllium  seed  powder  and  other  die- 
tary fiber-containing  materials  have  also 
been  shown  to  be  active  in  counteracting  the 
toxic  effects  obtained  in  rats  fed  a  purified, 
low-fiber  diet  supplemented  with  sodium  cy- 
clamate or  amaranth  at  a  5%  level  (4,  6), 
present  findings  suggest  that  the  protective 
effect  of  dietary  fibers  from  the  above 
sources  may  have  been  due  to  their  anion 
exchange  activity.  The  possibility  that  the 
activity  of  cholestyramine  under  conditions 
of  the  present  experiment  was  due  at  least  in 
part  to  some  property  other  than  its  anion 
exchange  activity,  however,  has  not  been 
excluded. 

Summary.  Immature  male  rats  were  fed  a 
purified,  low-fiber  diet  containing  massive 
doses  of  sodium  cyclamate  or  amaranth 
(FD&C  Red  No.  2).  Sodium  cyclamate 
when  incorporated  at  a  5%  level  in  the  puri- 
fied, low-fiber  diet  resulted  in  toxic  manifes- 
tations which  were  counteracted  by  the  con- 
current administration  of  the  anion  ex- 
change resin  cholestyramine  at  a  2V2%  level 
in  the  diet.  Other  anion  exchange  resins 
were  also  active  in  this  regard.  Cholestyra- 
mine at  a  2V2%  level  of  supplementation 
was  also  active  in  counteracting  the  toxic 
effects  induced  by  amaranth  when  the  latter 
was  incorporated  at  a  5%  level  in  the  puri- 
fied, low-fiber  diet. 
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(unpublished  data)  indicate  that  cholestyramine  at  a 
2'/2%  level  in  the  diet  was  also  active  in  counteracting 
the  toxic  effects  induced  by  FD&C  Yellov^  No.  5 
(larirazine)  when  the  latter  was  incorporated  at  a  .^^ 
level  in  a  purified,  low- fiber  diet. 
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ory  Effect  of  Synthetic  Phospholipid  Vesicles  Containing  Cholesterol  on  the 
Fertilizing  Ability  of  Rabbit  Spermatozoa  (39374) 
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itigations  undertaken  in  this  labora- 
-3)  indicate  that  two  distinct  classes 
nbrane  vesicles  are  responsible  for 
3le  inhibition  of  fertilizing  ability  in 
ipermatozoa  by  seminal  plasma  from 
nd  vasectomized  bucks  (4,5).  Fertil- 
in  vitro  of  eggs  from  superovulated 
ire  rats  by  cauda  epididymal  sperm 
as  also  inhibited  when  vesicles  iso- 
Tom  rabbit  seminal  plasma  were 
o  the  medium  (6).  These  findings  are 
*nt  with  a  direct,  nonspecific  action 
linal  plasma  vesicles  on  the  sperm 

e  present  investigation,  the  effect  of 
composed  of  dipalmitoyl  phosphati- 
ine  (DPPC),  dimyristoyl  phosphati- 
ine  (DMPC),  and  cholesterol  have 
camined  on  the  fertilizing  ability  of 
•capacitated  rabbit  spermatozoa. 
''ials  and  methods.  Lipid  suspen- 
^ive  lipids  were  employed  in  these 
lents:  cholesterol  (Steraloids),  p-y- 
toyl  -DL  -a  -glycerol  -phosphorylcho- 
gma),  )3-7-dimyristoyl-L-a-glycerol- 
arylcholine  (Sigma),  phosphatidyl- l- 
Nutritional  Biochemical),  and  L-a- 
1-phosphorylcholine  (Sigma).  Purity 
preparations  was  established,  prior 
by  thin-layer  chromatography  on  sil- 
^lates  that  were  developed  first  with 
)rm,  methanol,  and  water  (65:25:4) 
n  petroleum  ether,  ethyl  ether,  and 
cid  (80:20:1)  (7).  Mixtures  of  phos- 
i  and  cholesterol  were  prepared  by 
ion  in  benzene,  or  chloroform,  and 
lent  lyophilization  to  remove  the  or- 
3lvent.  The  lipids  were  suspended 
Jml)  in  1  ml  of  Hanks  solution 
,  modified  to  contain  3.8  mM  Ca-^ 
d  ultrasonic  irradiation  was  per- 
with  a  titanium  probe  (0.4-cm  diam- 
tted  to  a  Biosonik  III  sonicator 
ill)  that  was  operated  at  20  kHz. 
sonication,  which  lasted  about  15 
5resterilized  5-mI  plastic  tube  (Fal- 


con) containing  the  lipid  suspension  was  im- 
mersed in  an  ice  bath.  Vesicle  formation 
was  established  by  examination  of  a  sample 
placed  on  a  carbon-coated  formvar-copper 
grid  (200  mesh)  under  an  electron  micro- 
scope (Zeiss,  EM  9S2),  after  negative  stain- 
ing with  10  mg/ml  of  uranyl  acetate. 

Assay  of  sperm  fertilizing  capacity.  Treat- 
ment effects  on  the  fertilizing  capacity  of 
rabbit  spermatozoa  were  determined  from 
the  fertilization  rates  achieved  among  eggs 
obtained  from  does  following  insemination 
with  treated  and  untreated  sperm  cells  into 
contralateral  oviducts,  as  previously  de- 
scribed (3).  Spermatozoa  flushed  from  the 
uterus  of  a  donor  in  4  to  6  ml  of  Ca^"*^- 
enriched  Hanks  solution,  about  12  hr  after 
mating,  were  subdivided  into  two  equal  por- 
tions, before  sedimentation  at  600  g  for  15 
min.  Both  cell  pellets  were  then  resus- 
pended  in  the  same  volume  (0.3  to  1 .0  ml) 
of  medium.  Experimental  (Hanks  +  0.5  to 
10  mg  of  lipid/ml)  and  control  (Hanks) 
sperm  suspensions,  containing  0.2  to  20  x 
10^  sperm  cells/ml,  were  preincubated  for 
45  min  at  37°  before  insemination.  An  iv 
injection  of  70  to  90  USP  units  human  cho- 
rionic gonadotrophin  (Squibb)  induced  ovu- 
lation in  these  animals.  To  assay  for  decapa- 
citation  activity,  10-  or  25-/xl  control  and 
test  sperm  suspensions  were  instilled  into 
opposite  oviducts  of  a  doe,  which  had  been 
anesthetized  with  30  mg  of  sodium  pento- 
barbital/kg  body  weight,  2  to  4  hr  after  the 
anticipated  time  of  ovulation.  The  female 
rabbits  used  in  these  experiments  were  of 
the  New  Zealand  strain,  of  proven  fertility, 
and  3.5  to  5.5  kg  body  weight.  The  recovery 
of  fertilizing  capacity  in  treated  spermato- 
zoa was  determined  from  fertilization  rates 
observed  following  intrauterine  injection  of 
0.1 -ml  sperm  suspension  with  a  1-ml  dispos- 
able syringe  having  an  0.5-in.  26-gauge 
needle.  Sperm  cell  concentrations  were  de- 
termined with  a  hemocytomeler.  The  sperm 
suspensions     used     in     this     investigation 
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showed  motility  at  the  completion  of  each 
experiment,  which  usually  involved  insemi- 
nation of  five  does.  The  inseminated  recipi- 
ents were  autopsied  after  1  day  and  eggs 
flushed  from  their  oviducts  were  mounted 
on  a  glass  slide,  stained  with  10  mg/ml  of 
lacmoid,  and  inspected  microscopically  for 
chromatin,  polar  body  formation,  and  asso- 
ciated spermatozoa.  There  were  spermato- 
zoa in  contact  with  the  eggs  recovered  from 
all  does  included  in  the  results.  Differences 
between  control  and  experimental  fertiliza- 
tion rates  have  been  assessed  for  statistical 
significance  with  ax"  test,  corrected  for  data 
discontinuity. 

Results.  In  Fig.  1  arc  shown  vesicles  pre- 
pared from  DPPC  and  DPPC  with  10  (w/ 
w)%  cholesterol.  The  vesicles  range  in  ap- 
parent diameter  from  approximately  500  to 
3000  A  in  each  preparation. 

Data  presented  in  Table  I  reveal  that 
uterine-capacitated  rabbit  spermatozoa  fer- 
tilized significantly  fewer  eggs  when  sus- 
pended in  medium  with  DMPC  and  DPPC 
vesicles  with  10  to  40  (w/w)%  cholesterol, 
at  concentrations  of  1  to  10  mg  of  lipid/ml, 
following  insemination  2  to  4  hr  postovula- 
tion.  Among  a  total  of  79  eggs  from  ovi- 
ducts of  does  inseminated  with  sperm  cells 
exposed  to  these  vesicles  there  were  only  8 
fertilized  eggs,  whereas  67  of  87  eggs  from 
the  contralateral  oviduct  had  been  fertilized 
by  untreated  spermatozoa.  Fewer  eggs  were 
fertilized  by  sperm  treated  with  cholesterol 
containing  vesicles  prepared  with  DPPC 
than  DMPC.  The  DMPC-cholcsterol  vesi- 
cle suspensions  were  more  inhibitory  at  con- 
centrations of  9  to  10  mg  of  lipid/ml  than  at 
1  mg  of  lipid/ml,  as  might  be  expected.  In 
three  experimental  groups  concerning 
DMPC  and  DPPC  vesicles  with  cholesterol 
shown  in  Table  I,  the  mean  number  of 
sperm  cells  per  egg  for  each  group  ranged 
from  2.7  to  1 5.4,  while  control  groups  aver- 
aged between  7.7  and  83.8  sperm  per  egg. 
The  number  of  spermatozoa  reaching  the 
egg  does  not  appear  to  be  the  main  cause  in 
preventing  fertilization,  however,  for  these 
ranges  in  the  mean  number  of  sperm  per  egg 
can  be  seen  to  overlap.  It  was  noticed  that 
spermatozoa  treated  with  these  vesicles  be- 
came less  motile.  It  was  also  noted  that  9.4 
mg  of  lipid/ml  of  DMPC  vesicles  with  40  (w/ 
\\)9r   eholestert)l,  prepared  from  mixtures 


that  did  not  involve  dissolution  by  an  or- 
ganic solvent,  caused  a  decrease  in  fertiliza- 
tion rate  from  82%  (18/22)  with  untreated 
spermatozoa  to  5%  (1/19)  by  treated  sperm 
cells.  In  one  experiment,  10  (w/w)%  phos- 
phatidylserine  was  added  to  DMPC-choles- 
terol  vesicles,  with  no  apparent  influence  on 
decapacitation  activity.  Parenthetically, 
there  was  an  average  fertilization  rate  of 
84%  after  oviductal  insemination  of  un- 
treated spermatozoa  and,  it  may  be  noted, 
an  inverse  relationship,  albeit  a  weak  one 
(regression  coefficient  =  0.697),  exists  be- 
tween fertilization  rate  and  the  number  of 
sperm  inseminated,  over  the  range  (2.5  to 
50.0  X  lO''  sperm  per  oviduct)  used  in  these 
experiments. 

Intrauterine  insemination  of  uterine-ca- 
pacitated spermatozoa  treated  with  DMPC 
and  DPPC  vesicles  containing  40  (w/w)% 
cholesterol  at  a  concentration  of  1  mg  of 
lipid/ml,  5  to  6  hr  prior  to  ovulation,  re- 
sulted in  53%  (18/34)  fertilization  (Table 
I).  By  comparison,  55%  (23/42)  eggs  were 
fertilized  with  untreated  spermatozoa  on  the 
control  side.  This  suggests  that  the  inhibi- 
tory effect  of  these  synthetic  vesicles  on 
sperm  fertilizing  capacity  is  reversed  after 
treated  sperm  cells  have  been  returned  to 
the  uterus  for  recapacitation.  The  possibility 
that  these  spermatozoa  may  not  have  been 
initially  in  a  decapacitated  state  can  be  ruled 
out  since  insemination  of  these  sperm  into 
the  uteri  of  two  does,  about  4  hr  postovula- 
tion,  resulted  in  8%  (1/12)  fertilization  with 
DPPC-cholesterol-treated  sperm  cells  and 
92%  (11/12)  fertilization  with  untreated 
spermatozoa,  which  is  a  statistically  signifi- 
cant difference  (xr  =  13.25,  0.05  >  P). 

Vesicles  composed  of  DMPC  and  DPPC. 
without  cholesterol,  displayed  no  apparent 
decapacitation  activity,  at  concentrations  of 
1  and  10  mg  of  lipid/ml,  respectively.  Table 
I  shows  that  among  both  groups  80%  (28/ 
35)  eggs  were  fertilized  by  sperm  cells 
treated  with  phosphatidylcholine  vesicles 
and,  by  comparison,  86%  (37/43)  eggs  were 
fertilized  by  untreated  spermatozoa,  li 
seems  clear  from  Table  I  that  cholesterol  is 
responsible  for  the  inhibitory  action  of  the 
synthetic  vesicles,  as  cholesterol  suspensions 
lacking  phospholipid  significantly  lowered 
fertilization.  Sperm  cells  suspended  in  me- 
dium containing  0.4  to  4.0  mg  cholesterol/ 
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TABLE  I.  Influence  of  Various  Lipid  Suspensions  on  the  Fertilizing  Capacity  of  Rabbit 

Spermatozoa 


Lipid  suspension 


Eggs 


Composition  (w/w)% 


Control  ovi- 
duct 

Number      Number  of  No.  fer- 

Amount    of  insemi-    sperm  cells     To-       tilized 
(mg/ml)      nations         (x  10^)         tal         (%) 


Experimental  ovi- 
duct 


Tiv 
tal 


No.  fertilized 


Oviductal  insemination  2  to  4  hr  postovulation 
2.5  19       17(89)  17        12(71)NS' 

50.0  24       20(83)  18        16(89)NS 

43       37(86)         35       28  (18)  NS 


DPPC(IOO) 
DMPC(IOO) 


10 

I 


DPPC  (60-80)  +  cholesterol  (10-         1-2 
40)  +  phosphatidylserine  (0-10) 


DMPC  (60)  +  cholesterol  (M)y 


9-10 


7.8* 


43.0 


22.5 
11.2 


26       15(58)         30 


15 
46 
87 


10(67) 
42(91) 
67  (77) 


17 
32 
79 


3(10)- 


4  (24)* 
1  (3)* 
8(10)* 


Glycerophosphocholine  (control)       0.5-1 

Glycerophosphocholine  (83)  -♦- 
cholesterol  (17)  (experimental) 


Cholesterol  (100) 

DPPC  (60)  4-  cholesterol  (40) 
DMPC  (60)  +  cholesterol  (40) 


52.0-1.5         28        15(54)         36       21  (58)  NS 


0.4 
4 

3 
3 

3.8             17        17(100)        10         2(20)* 
5.0            13       13(100)       15         0(0)* 
30       30(100)       25         2(8)* 

Uterine  insemination  5  to  6  hr  preovulation 

1 

6 

67.0            21          9(43)         20         9  (45)  NS 

1 

6 

20.0-0.5         21        14(67)          14         9  (64)  NS 
42       23(55)         34       18  (53)  NS 

"  •  Statistically  significant  difference  (P  <  0.05).  NS,  nonsignificant  difference. 

"  Seven  control  and  eight  experimental  inseminations. 

'  Four  inseminations  were  made  in  each  group  with  untreated  sperm  cells  in  the  contralateral  oviduct. 


ml  fertilized  8%  (2/25)  eggs,  while  all  eggs 
(30/30)  recovered  after  insemination  of  un- 
treated spermatozoa  were  fertilized. 

In  the  presence  of  0.5  to  1  mg  of  lipid/ml 
of  glycerophosphorylcholine  and  17  (w/ 
w)%  cholesterol  (0.085  to  0.17  mg  choles- 
terol/ml) the  fertilization  rate  was  58%  (21/ 
36),  and  this  compares  with  54%  (15/28) 
fertilization  with  untreated  spermatozoa 
(Table  I).  The  ineffectiveness  of  glycero- 
phosphorylcholine and  cholesterol  in  this 
experiment  may  indicate  the  fatty  acid  side 
chain  of  the  phospholipid  aids  in  the  inhibi- 
tory action,  presumably  by  helping  to  dis- 
perse cholesterol,  since  phospholipid  vesi- 
cles bearing  0.2  mg  of  cholesterol  blocked 
fertilization. 

Discussion.  Suspensions  of  DMPC  and 
DPPC  vesicles  containing  cholesterol  were 
found  to  reversibly  inhibit  fertilization  by 
uterine-capacitated     rabbit     spermatozoa . 


The  ability  of  these  synthetic  vesicles  to 
mimic  the  action  of  membrane  vesicles  from 
seminal  plasma  (3)  suggests  that  lipids  in  the 
latter  are  implicated  in  sperm  decapacita- 
tion.  Cholesterol  was  shown  to  be  necessan 
for  decapacitation  activity  and  the  sterol  is 
known  to  be  present  in  both  classes  of  vesi- 
cles in  seminal  plasma  from  rabbits  (9). 

Concentrations  of  1  to  10  mg  of  lipid/ml 
were  present  in  the  vesicle  suspensions  used 
in  this  work.  By  comparison,  0.02  to  1 .0  mg 
of  protein/ml  (approximately  0.014  to  0.43 
mg  lipid/ml)  vesicles  from  seminal  plasma 
induced  decapacitation  of  rabbit  spermato- 
zoa (1,  3).  When  sperm  numbers  are  taken 
into  account,  DPPC-cholesterol  vesicles 
were  found  to  be  inhibitory  at  a  concentra- 
tion equivalent  to  5.8  /ig  of  lipid/ 10'*  spemi 
cells,  and  this  compares  with  an  effective 
level  of  10  /ig  of  protein/ 10^  sperm  cells 
(about  7  fig  lipid/ 10^  sperm  cells)  obtained 
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:>w  density  seminal  plasma  vesicles  (1). 
fed  from  this  perspective,  synthetic  and 
ral  vesicles  have  similar  potency, 
losphatidylcholine      (DPPC)     vesicles 
been  reported  to  fuse  with  the  plasma 
ibrane  of  living  cells  at  37°  (9).  Addi- 
of  cholesterol  to  the  sperm  plasma 
ibrane  of  living  cells  at  37°  (10).  Addi- 
aining  cholesterol  could  prevent  the  ac- 
me reaction,  for  the  sterol  is  known  to 
>it  membrane  fusion  (11,  12).  The  ac- 
'    of   some    membrane-associated   en- 
rs  could  also  be  influenced  by  the  pres- 
of  cholesterol.  Decreased  fluidity  re- 
ig  from  a  partial  restriction  of  motional 
lom  among  fatty  acid  side  chains  in  liq- 
crystalline    phospholipid    bilayers   has 
suggested  as  the  basis  of  the  action  by 
^sterol  (12,  13). 

ese  experiments  obviously  do  not  ex- 
r  the  possibility  that  phospholipid  sus- 
ions  containing  cholesterol,  that  have 
3een  dispersed  as  vesicles,  could  also 
it  sperm-fertilizing  capacity.  In  this 
ection,  it  may  be  noted  that  presatura- 
of  albumin  with  cholesterol  prevented 
ization  of  rat  eggs  in  vitro  (14).  The 
:nt  findings  give  added  credence  to  the 
.'stion  that  addition  of  lipid  (choles- 
)  to  the  sperm  plasma  membrane  could 
iplicated  in  sperm  decapacitation  (15). 
•PPC,  unlike  DMPC,  has  a  critical  tem- 
ure  for  '*gel  to  liquid''  transition  in 
s  of  the  phospholipid  ( 1 3)  that  is  above 
ological  temperature,  it  may  be  antici- 
1  to  exert  a  stabilizing  influence  on 
branes.  The  inability  of  DPPC  vesicles 
capacitate  rabbit  spermatozoa  possibly 
ts  from  rapid  hydrolysis  by  sperm  phos- 
pase  (16)  following  incorporation. 
he  reversible  inhibition  of  sperm-fertil- 
capacity  observed  in  these  experiments 
uivalent  to  decapacitation  by  seminal 
la,  then  involvement  of  polypeptide 
glycoprotein  in  sperm  decapacitation 
18)  perhaps  indicates  alternative  (non- 
ways  of  inducing  decapacitation  exist. 
ler  experimentation  should  help  clarify 
gnificance  of  this  possibility. 
nmary.  Suspensions  of  dimyristoyl  and 
nitoyi  phosphatidylcholine  vesicles 
ig  10  to  40  {v//v^)%  cholesterol  in- 
d  the  fertilizing  ability  of  uterine-capa- 


citated rabbit  spermatozoa  at  concentra- 
tions of  1  to  10  mg  of  lipid/ml.  Recovery  of 
fertilizing  ability  by  treated  sperm  cells  was 
observed  following  insemination  into  the 
uterus  5  to  6  hr  before  ovulation.  Vesicles 
lacking  the  sterol  were  not  inhibitory  under 
the  conditions  employed.  Suspensions  of 
cholesterol  (0.4  to  4  mg  of  sterol/ml)  with- 
out phospholipid,  in  contrast,  inhibited  fer- 
tilization. Implication  of  cholesterol  in 
sperm  decapacitation  by  seminal  plasma 
membrane  vesicles  is  discussed  in  terms  of 
these  results. 

I  am  indebted  to  Mr.  R.  Byrne  and  Mrs.  N.  Davis 
for  their  helpful  assistance.  The  electron  micrographs 
were  prepared  by  Mr.  K.  Bcdigian.  Financial  support 
was  received  from  NIH  Contract  No.  l-HD-3-2781 . 
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Migration  of  blood  lymphocytes  into  the 
lumen  of  the  small  intestine  has  been  re- 
ported (1,  2).  The  origin  of  these  lympho- 
cytes remains  unknown;  however,  the  thy- 
mus has  been  proposed  as  a  possible  source 
(3).  Following  local  thymic  labeling  with  a 
radioactive  DNA  precursor,  a  slight  accu- 
mulation of  radioactivity  has  been  detected 
in  the  intestine  and  its  contents  (4).  If  mi- 
grants are  not  catabolized  in  the  intestine, 
the  enteric  loss  of  these  labeled  thymocytes 
might  be  quantitated  by  measuring  fecal  ra- 
dioactivity. To  our  knowledge,  quantitative 
data  on  the  kinetics  of  breakdown  in  the 
intestinal  lumen  of  cells  labeled  with  radio- 
active DNA  precursors  are  not  available. 
The  present  experiments  were  designed  to 
evaluate  the  fate  of  donor  thymocytes  la- 
beled with  either  '^'^iododeoxyuridine 
C^^MUdR)  or  tritiated  thymidine  (''HTdR) 
and  injected  into  the  small  intestine  of  recip- 
ient mice. 

Materials  and  methods.  Random  bred,  fe- 
male Swiss  albino  mice  of  the  Hale-Stoner 
strain,  8  to  12  weeks  old,  were  used  as 
donors  and  recipients.  Two  days  before  in- 
trajejunal  (ij)  injection  of  cells  labeled  with 
»2MUdR,  KI  (0.5  mg/ml)  was  added  to  the 
drinking  water  of  recipients  (4).  The  intes- 
tinal flora  of  one  group  of  conventional  mice 
was  removed  by  adding  high  doses  of  non- 
absorbable antibiotics  to  the  drinking  water 
and  housing  under  sterile  conditions  for  1 
week  as  reported  by  van  Bekkum  and  co- 
workers (5). 

5-''"iodo-2'-deoxyuridine  (New  England 

'  Research  supported  by  the  U.S.  Energy  Research 
and  Development  Administration. 
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mals maintained  in  animal  care  facilities  fully  ac- 
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^  Institute  of  Pathology.  University  of  Bern,  Switz- 
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Nuclear,  Boston,  Mass.;  sp  act  >  200  Ci. 
mmole;  203  to  480  /xCi/ml)  was  diluted 
with  normal  sterile  saline  (9  mg/ml)  to  con- 
tain 100  /iCi/ml.  Donor  mice  were  labeled 
by  two  to  four  iv  or  ip  injections  at  6-  to  12- 
hr  intervals  (total  dose  per  mouse  20, 40.  or 
70  /xCi).  Thymidine  (methyl-'*H;  Schwarz/ 
Mann,  Orangeburg,  N.Y.;  sp  act  1.9  Ci/ 
mmole;  1  mCi/ml;  diluted  with  normal  sa- 
line to  contain  200  /iCi/ml)  was  injected  ip 
into  donor  mice  at  8-hr  intervals  (eight  in- 
jections, total  dose  per  mouse  160  ^tCi).  All 
donors  were  killed  by  ether  overdose  24  hr 
after  the  last  injection.  Donor  thymi  were 
minced  in  Hanks'  balanced  salt  solution 
(HBSS,  without  Ca  and  Mg;  Gibco,  Grand 
Island,  N.Y.)  to  which  4  mg/ml  of  Na^ 
EDTA  had  been  added.  The  cell  suspen- 
sions were  forced  through  22-gauge 
needles,  filtered  with  nylon  mesh,  washed 
twice  in  50  ml  of  HBSS  and  concentrated  to 
contain  about  1  to  9  x  10'  cells  per  dose. 
This  corresponded  to  approximately  3000 
and  6000  cpm  for  ''^-^I  and  ''H,  respectively. 
Trypan  blue-positive  cells  were  enumerated 
(6).  In  a  control  experiment,  the  suspended 
cells  were  killed  by  repeated  freezing  and 
thawing.  Mice  were  anesthetized  by  ip  so- 
dium pentobarbital  (4).  The  proximal  end 
of  the  recipient  jejunum  was  exposed 
through  a  small  (5  mm)  incision,  and  0.05 
ml  of  the  cell  suspension  was  injected  ij 
using  a  30-gauge  atraumatic  needle.  The 
wound  was  closed  and  the  animals  placed  in 
individual  plastic  cages  (4).  Recipients  were 
killed  at  the  time  indicated  in  the  figures. 
The  intestine  (pylorus  to  anus)  and  its  con- 
tents, carcass,  feces,  urine,  and  in  some  in- 
stances spleen  and  thymus  were  collected 
and  kept  at  4°  prior  to  counting  '*^"*I-activity 
in  a  well-type  scintillation  counter  (Nuclear 
Chicago,  1185  series).  Aliquots  of  thymo- 
cytes labeled  with  ^HTdR  and  tissues  of  re- 
cipient animals  were  subjected  to  formalin 
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extraction  of  acid-soluble  radioactivity 
(ASR)  (4).  Total  tritium  activity  of  tissues 
and  formalin  extracts  was  determined  by 
scintillation  counting  following  oxidation 
(TriCarb  oxidizer,  Packard). 

Results.  Thymocyte  suspensions  were  es- 
sentially monodispersed  and  contained  less 
than  10%  trypan  blue-positive  cells.  More 
than  90%  of  the  radioactivity  of  the  suspen- 
sion was  cell-bound  and  not  extractable  with 
formalin.  In  the  control  experiment,  more 
than  95%  of  the  morphologically  recogniz- 
able cells  were  stained  by  trypan  blue. 

Following  injection  of  thymocytes  Ubeled 
with  '■'^^lUdR,  the  decline  of  radioactivity  of 
the  recipient  intestine  and  its  contents  could 
be  described  by  two  exponential  compo- 
nents, with  a  high  rate  of  activity  loss  during 
the  first  5  hr  (Fig.  1).  Viability  of  the  cells 
prior  to  injection  did  not  significantly  affect 
the  rate  of  *^^I-activity  loss,  i.e.,  35.6,  9.9, 
and  4.5%  of  the  intestinal  activity  present  at 
0  hr  remained  1,3,  and  5  hr  following  injec- 
tion of  thymocytes  killed  by  freezing  and 
thawing.  The  bulk  of  the  injected  '^^I-activ- 
ity  lost  from  the  intestine  was  recovered  in 
the  urine,  the  *^^I-activity  curve  of  the  latter 
essentially  mirroring  the  intestinal  activity. 
Less  than  3%  of  the  initial  activity  appeared 
in  the  feces. 

During  the  first  4  to  5  hr  following  ij 
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INTESTINE  "3 


J. 


HOURS   FOLLOWING   iN'RAjt  jurjA^     iNjEC^iON 

Fig.  1 .  Normalized  '**I-activity  (percentage  of  in- 
testinal activity  at  0  hr,  ±SD)  versus  time  (0,  1 ,  2.5,  3, 
4,5.  10,  and  24  hr)  following  ij  injection  of  thymocytes 
labeled  with  '**IUdR.  Triangles  (average  of  three  mice) 
and  circles  (average  of  two  mice)  represent  data  from 
two  separate  experiments.  The  curves  were  fitted  by 
eye.  •A  =  Intestine  and  contents;  OA  =  cumulative 
urinary  activity;  CA  =  cumulative  fecal  activity. 


injection,  intestinal  loss  of  *^*I-activity  in 
recipients  pretreated  with  antibiotics  (Fig. 
2)  was  nearly  as  rapid  as  that  observed  in 
conventional  mice.  Thereafter,  a  slower  rate 
of  loss  was  observed;  however,  values  at  24 
hr  postinjection  were  not  significantly  dif- 
ferent from  those  seen  in  conventional  mice. 
The  proportion  of  cumulative  '^^I-activity  in 
the  feces  was  somewhat  higher  than  in  con- 
ventional animals.  The  sum  of  activities  re- 
covered in  urine,  feces,  intestine,  and  the 
remainder  of  the  body  during  the  first  24  hr 
postinjection  accounted  for  the  near-totality 
of  the  initial  radioactivity  in  both  groups. 

Tritium  activity  was  lost  from  the  intes- 
tine initially  as  rapidly  as  ''^^I-activity;  3  hr 
after  ij  injection  approximately  10%  of  the 
total  initial  ^H-activity  remained  in  the  in- 
testine (Fig.  3).  Thereafter,  the  loss  of  in- 
activity was  slow.  The  relative  activity  of  the 
intestine  including  ASR  24  hr  postinjection 
was  about  15  times  higher  than  the  corre- 
sponding values  for  '^'^I. 

Discussion.  Thymocytes  labeled  with 
^HTdR  or  '^^udR  appeared  to  be  rapidly 
catabolized  in  the  small  intestine.  Elimina- 
tion of  *^^I-activity  in  the  feces  was,  how- 
ever, minimal.  It  was  observed  earlier  that 
the  fecal  radioactivity  following  systemic  la- 
beling with  *^'^IUdR  remained  low  even 
though  the  major  part  of  activity  was  lost 
from  the  intestine  presumably  through 
sloughing  of  labeled  epithelial  cells  into  the 
lumen.  The  bulk  of  the  label  was  apparently 
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g        .0 
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HOURS  f-01  LOWING  iN^RAJLJ-jrjAL    'rMjf-CTiON 

Fig.  2.  Recipients  were  pretreated  with  antibiotics. 
'^*I-acliviiy  (percentage  of  intestinal  activity  at  0  hr, 
average  of  four  to  five  mice,  ±SD)  versus  time  follow- 
ing ij  injection  of  thymocytes  labeled  with  '-'iUdR. 
Symbols  analogous  to  those  used  in  Fig.  1 . 
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INTESTINE  AND  EXTRACT 


■-4- 

EXTRACT 


0        2        4        6        8        10  24  48 

HOURS  FOLLOWING  INTRAJEJUNAL  INJECTION 

Fig.  3.  Normalized  "*H-activity  (percentage  of  in- 
testinal activity  at  0  hr,  average  of  five  mice,  ±SD)  of 
intestine  and  contents  =  #.  formalin  extracts  =  O,  and 
sum  of  activities  of  intestine  and  formalin  extracts  =  •. 
versus  time  (0,  1,3,5.  10,  24,  and  48  hr)  following  ij 
injection  of  thymocytes  labeled  with  '^HTdR. 

reabsorbed  and  could  be  recovered  in  the 
urine  (4). 

It  is  unlikely  that  damage  due  to  radiotox- 
icity  to  thymocytes  prior  to  ij  injection 
would  significantly  alter  the  interpretation 
of  the  results,  since  the  proportion  of  ASR 
as  well  as  the  number  of  trypan  blue-posi- 
tive cells  in  the  suspensions  remained  low. 
Presumably,  the  thymocytes  were  killed 
very  rapidly,  since  the  breakdown  of  dead 
cells  occurred  essentially  at  the  same  rate  as 
that  of  viable  counterparts. 

Catabolism  of  viable  or  of  dead  cells  and 
excretion  of  breakdown  products  was  ini- 
tially very  rapid.  Similarly,  Kotani  and  co- 
workers (1)  found  a  rapid  increase  in  "^H- 
activity  of  portal  blood  and  thoracic  duct 
lymph  following  injection  of  lymphocytes 
labeled  with  ^HTdR  into  the  small  intestine. 
In  portal  vein  serum,  '^H-activity  was  associ- 
ated with  thymine,  thymidine,  and  thymi- 
dylic  acid  (1 ). 

Selective  removal  of  '^•'*I  from  intact  DNA 
labeled  with  '^MUdR  has  not  been  demon- 
strated in  vivo  (7).  The  marked  similarity  of 
the  initial  phase  of  activity  loss  following  ij 
injection  of  cells  labeled  with  '^'^lUdR  or 
•*HTdR  is  compatible  with  this  observation, 
since  cell  death  followed  by  degradation  of 
DNA  labeled  with  '^HTdR  is  considered  the 
only  way  in  which  '^H  could  be  lost  from  a 
tagged  cell  (8).  Ingested  nucleic  acids  are 
degraded  in  the  small  intestine  by  intestinal 


and  pancreatic  nucleolytic  enzymes  to  yield 
absorbable  nucleosides,  free  bases  and  inor- 
ganic phosphate  (9-11),  and  DNA,  nor- 
mally present  in  the  food,  has  not  been 
listed  among  the  normal  constituents  of  hu- 
man feces  (10). 

Catabolites  of  DNA  from  ^HTdR-labeled 
lymphocytes  injected  either  intraintestinally 
(1)  or  intravenously  (12)  are  locally  and 
systemically  reutilized  by  cell  renewal  sys- 
tems in  the  body.  In  the  present  experiment, 
thymus  and  spleen  of  recipient  mice  showed 
very  low,  but  definite  ^H-activity  24  hr  fol- 
lowing ij  injection  of  labeled  thymocytes, 
whereas  no  '-^"'I-activity  could  be  detected  in 
these  organs.  Local  intestinal  utilization, 
and  hence  reutilization,  may  be  less  than 
systemic  utilization:  the  intestinal  uptake  of 
•''HTdR  and  »"IUdR,  following  intraintes- 
tinal  injection  is  about  50  and  85%,  respec- 
tively, less  than  following  ip  administration 
of  the  same  isotope  dose  (13).  This  differ- 
ence may  be  due  to  a  poorer  intestinal  up- 
take of  '*^'^IUdR  and/or  more  active  cataboli- 
zation  in  the  intestine  or  liver  (7,  13). 

Whereas  substantial  ^H-activity  not  asso- 
ciated with  DNA  persists  for  long  periods  of 
time  following  labeling  with  ^HTdR  (14, 
15),  '^'I  not  incorporated  into  DNA  is  rap- 
idly lost  following  iv  injection  of  *^'IUdR 
(7).  Therefore,  the  slower  phase  of  activity 
loss  following  ij  injection  of  ''HTdR-labeled 
as  compared  to  ''^"^lUdR-labeled  thymocytes 
may  indicate  a  slower  loss  of  ''H-activity  not 
associated  with  DNA  and/or  a  greater  reu- 
tilization. 

The  intestinal  flora  did  not  appear  to  play 
a  significant  role  in  the  rapid  catabolism  of 
labeled  cells,  because  no  marked  difference 
was  observed  between  conventional  animals 
and  mice  pretreated  with  antibiotics  that 
effectively  sterilized  the  gut.  Similarly,  the 
rapid  intestinal  hydrolysis  of  nucleotides  in 
vitro  was  not  altered  by  addition  of  antibiot- 
ics to  the  system  (16). 

It  is  concluded  that  cells  labeled  with  ra- 
dioactive DNA  precursors  may  be  detected 
in  the  intestinal  lumen  only  for  a  short  time; 
additional  techniques  such  as  intestinal  per- 
fusion may  be  required  to  disclose  the  pres- 
ence of  labeled  migrants  in  the  gut. 

Summary.  A  suspension  of  thymocytes  la- 
beled with  '-^MUdR  or  ^HTdR  was  injected 
into  the  jejunum  of  mice.  The  bulk  of  the 
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adioactivity  disappeared  within  few  hours 
rom  the  intestine  and  was  recovered  princi- 
ally  in  the  urine.  This  indicated  a  very 
apid  breakdown  of  labeled  thymic  cells, 
eabsorption  and  subsequent  elimination  of 
he  tracer  in  the  kidney.  In  mice  injected 
/ith  cells  labeled  with  "^HTdR,  the  initial 
apid  loss  of  radioactivity  was  of  shorter 
luration,  and  slower  during  the  second 
•base,  presumably  due  to  more  extensive 
eutilization  and/or  prolonged  persistence 
>f  acid-soluble  radioactivity.  Pretreatment 
•f  the  recipients  with  antibiotics  did  not  sig- 
lificantly  reduce  the  rate  of  radioactivity 
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Dextran  releases  histamine  from  normal 
rat  mast  cells  in  a  reaction  that  resembles 
anaphylaxis  (1-4).  The  reaction  requires 
Ca^^  in  the  medium.  Using  Sprague-Daw- 
ley  rat  mast  cells  we  found  that  exogenous 
Cdi^^  was  necessary  to  initiate  the  reaction 
(5),  in  contrast  to  its  requirement  only  in  the 
final  stage  of  anaphylactic  histamine  release 
from  human  leukocytes  (6).  Substantial 
release  from  mast  cells  of  most  rat  strains  by 
dextran  or  antigen  also  requires  the  addition 
of  phosphatidyl  serine  (PS),  as  shown  by 
Goth  et  al.  (2)  and  confirmed  by  others  (3, 
7,8).  Release  from  Wistar  rat  cells  does  not 
require  added  PS  (9),  however,  nor  does  the 
human  leukocyte  reaction  (6).  The  mecha- 
nism of  histamine  release  evidently  varies  in 
some  degree,  depending  on  the  type  of  cells 
and  the  releasing  agent  employed.  The  pres- 
ent study  was  made  to  explore  further  the 
roles  of  Ca**^^  and  PS  in  histamine  release 
from  Sprague-Dawley  rat  mast  cells  by  dex- 
tran. 

Methods  and  materials.  Mixed  peritoneal 
cells  were  obtained  from  300-g  male 
Sprague-Dawley  rats  as  previously  de- 
scribed (3,  10).  The  peritoneal  cavity  was 
irrigated  with  15  ml  of  normal  buffer,  or 
(sometimes,  if  some  of  the  cells  were  to  be 
used  in  low-Ca  solutions)  with  Ca-free 
buffer,  with  5  /xg/ml  of  heparin.  The  normal 
buffer  was  Krebs-Ringer  phosphate,  pH 
7.0,  with  1 .0  mA/  Ca^^,  no  Mg^^,  and  1  mg/ 
ml  of  crystalline  bovine  albumin.  For  each 
experiment,  the  irrigating  solution  from  two 
or  three  rats  was  collected  in  an  ice-cold 
tube.  The  cells  were  sedimented  in  one  or 
more  portions,  and  resuspended  in  buffer 
solution(s)  (15  ml/donor  rat),  without  hepa- 
rin. Replicate  1 .5-ml  samples'  of  the  pooled 

'  Counts  on  samples  of  mixed  peritoneal  cell  suspen- 
sions (11)  showed  about  UP  mast  cells  per  1 .5  ml,  and 
histamine  content  was  about  2  /otg/1 .5  ml.  The  number 
of  cells  used  per  tube  was  not  critical,  however,  as 


cells  were  pipetted  into  siliconized  tubes, 
into  final  volumes  of  2.5  ml  of  the  desired 
solutions,  and  equilibrated  for  10  min  at 
25°.  Histamine  release  from  the  cells  was 
induced  by  adding  dextran,  together  with  a 
small  amount  of  PS,  in  1 .0  ml  of  the  appro- 
priate buffer  solution,  and  incubating  for  15 
min  at  25°  (10).  Final  concentration  of  dex- 
tran (Pharmacia  Fine  Chemicals,  average 
mol  wt  2  X  10«)  was  1 .0  mg/ml,  and  of  PS 
(Nutritional  Biochemicals  Corp)  7  /xg/ml, 
except  when  stated  otherwise .  PS  was  added 
to  the  control  tubes  without  dextran,  and 
was  used  in  all  experiments  unless  there  is  a 
statement  to  the  contrary.  In  a  few  experi- 
ments, the  cells  were  obtained  from  rats  that 
had  been  immunized  with  egg  albumin  (EA) 
and  pertussis  vaccine  (12),  and  E  A  1 0"^  mg/ 
ml  (with  PS)  instead  of  dextran  was  used  as 
the  releasing  agent.  Except  for  the  differ- 
ences in  treatment  being  studied,  all  cell 
samples  in  each  experiment  were  treated 
alike.  Release  from  duplicate  samples  by 
dextran  differed,  on  average,  by  only  2  ± 
2%  of  the  respective  release  values  {n  = 
27).  Histamine  determinations  were  made 
fluorometrically  (16)  as  previously  described 
(3).  Degree  of  histamine  release  was  as- 
sessed by  dividing  the  amount  released  by 
the  amount  released  plus  the  amount  re- 
tained in  the  cells. 
Results.    Effects   of  Ca^^    on    histamine 


diluting  the  suspension  l()-fold  did  not  affect  the  degree 
of  histamine  release  by  dextran  (3).  Neither  did  adding 
3  X  10  "  Af  histamine  with  the  dextran  (3)  or  adding 
dextran  in  the  form  of  the  supernatant  solution  from  a 
previous  release  reaction  (12)  affect  release.  Ficoll-or 
albumin-gradient  fractionation  (13)  often  left  the  mast 
cells  poorly  responsive  (3),  not  corrected  by  adding 
back  the  other  cells.  Therefore,  after  it  had  been  estab- 
lished that  virtually  all  the  histamine  was  in  the  mast 
cells  (3),  and  that  pure  mast  cells  responded  in  the 
same  manner  as  unfractionated  cells  (7,  13-15).  we 
used  the  mixed  cells  without  fractionation. 
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Dextran  released  0  ±  2%  of  the 
I  from  cells  that  had  been  trans- 

•  Ca-free  medium,  compared  with 
5J?  in  medium  containing  1 .0  mM 
:an  ±  SD,A2  =  4).  For  comparison, 
se  values  obtained  with  cells  from 
sd  rats  by  using  the  specific  antigen 
e  releasing  agent,  were  13  ±  1 1% 
'ree  buffer  and  31  ±  19%  with  1 .0 

{n  =  4).  Thus,  only  the  release  by 
vas  completely  dependent  on  exog- 
1=^-^.-  The  levels  of  Ca^^  (1.0  mM) 
)  /xg/ml)  used  in  these  experiments 
determined  to  give  approximately 
release  under  the  experimental 
s.  Changing  the  pH  inversely  af- 

*  required  level  of  Ca'-^^.  Ca^^  levels 
Vf  or  less  were  completely  ineffec- 
supporting  release  by  dextran. 
as  not  used  in  conjunction  with  the 
ledium. 

ind  cell  desensitization.  The  de- 
period-2  histamine  release  by  dex- 
h  1  mM  Ca^^)  due  to  the  cells 
:en  exposed  to  dextran  (instead  of 
I  the  presence  of  various  levels  of 
eriod  1 ,  is  shown  in  Table  I  (last 
The  decrease,  reflecting  the  de- 
i\\  desensitization  to  dextran,  was 
rn  period- 1  Ca^^  level  was  0.1  mM 
H'wh  0.3  mM  Ca^^  in  period  1, 
ation  was  considerable  but  incom- 
I  with  1 .0  mM  Ca^^  it  was  virtually 
as  previously  shown  (5). 
^e  ofCa'-^  on  cell  integrity.  Simply 
le  cells  for  15-30  min  in  Ca-free 
It  25°  caused  them  to  leak  abnor- 
ints  of  histamine  (14  ±  5%,  com- 
^l  2  ±  1%  in  normal  medium,  n  = 
they  could  not  be  returned  com- 
their  original  state  of  responsive- 
dding  back  Ca-^^.  Table  I  shows 
ibration  of  the  cells  with  low-Ca 
period  1  caused  them  to  release 
line  after  Ca^^  had  been  restored 

/c  recently  compared  the  Ca-*  and  PS  de- 
f  histamine  release  from  Sprague-Dawley 
Is  by  the  following  agents:  dextran.  antigen, 
mcanavalin  A,  the  ionophore  A23187,  stv 
compound  48/80.  protamine,  and  polyly- 
idence  of  the  different  agents  on  both  Ca-* 
e  medium  differed  greatly,  but  only  dextran 
tcly  dependent  on  exogenous  Ca-*. 


TABLE  I.  Effect  of  Ca''*  Concentration  on 

Histamine  Release  and  Cell  Desensitization  by 

Dextran  (1  mg/ml)." 


Period  1 

Period  2:  Ca-^*  1.0  mAf 

Histamine  release  by  dex- 

Histamine 

tran  (net) 

Decrease 

release  by 

After        due  to  dex- 

dextran 

buffer  in       tran  in  pe- 
period  1           riod  1* 

(net)  Per- 

Ca^^ 

centage  of 

Percentage     Percentage 

Concn 

cell  hista- 

of cell  hista-        of  cell 

(mM) 

mine 

mine           histamine 

0 

1 

11                     0 

0.01 

i)(\r 

13(15)             2(1) 

0.03 

0(0) 

13(18)             0(3) 

0.10 

0(1) 

18(24)             1(3) 

0.30 

21  (32) 

24(32)           18(26) 

1.00 

60  (39) 

28                   28 

"  Replicate  samples  of  pooled  cells  were  equili- 
brated with  buffers  with  various  Ca**  levels.  Then  rep- 
resentative samples  were  treated  with  dextran  (for  10 
min  at  25*)  in  period  1 .  Net  histamine  release  by 
dextran  (over  that  by  the  corresponding  buffer  alone) 
was  assessed  from  determinations  on  the  supernatant 
solutions.  The  same  cell  samples  (whether  exposed 
only  to  buffers  or  to  dextran  solutions  in  period  1 )  were 
washed  twice  with  cold  Ca-free  buffer,  equilibrated 
with  25°  1.0  mAf  Ca^'*  buffer,  and  challenged  (for  15 
min)  with  dextran  in  period  2.  PS  used  in  all  tubes. 

*  Compared  with  values  in  column  immediately  to 
the  left. 

'  Results  of  a  second  experiment  are  shown  in  pa- 
rentheses. 

(period  2,  first  column).  In  three  additional 
experiments,  the  mean  reduction  in  release 
due  to  prior  exposure  of  the  cells  to  Ca-free 
medium  at  25°  was  35%  of  respective 
release  values.  Effects  of  exposure  to  low- 
Ca  solutions  at  37°  were  greater  than  at  25°; 
effects  at  0°  were  relatively  slight. 

Time  required  to  remove  effect  of  Ca'^^. 
Duplicate  cell  samples  that  had  been  har- 
vested in  low-Ca  buffer  and  equilibrated 
with  buffers  of  various  Ca^^  levels  were 
treated,  respectively,  with  dextran  dissolved 
in  the  same  buffer  used  for  the  cells  and  with 
dextran  in  Ca-free  buffer.  The  additions  of 
dextran  in  Ca-free  buffer  diluted  the  Ca*-^^  in 
the  cell  medium  by  40%,  and  in  each  case 
released  the  amount  of  histamine  expected 
with  the  final  (diluted)  Ca-^  level,  rather 
than  that  expected  with  the  original  level,  as 
shown  in  Fig.  1.  Similarly,  with  cells  har- 
vested in  1 .0  mM  Ca*-^,  and  using  a  volume 
of  dextran  that  gave  60%  dilution  (not 
shown),  the  Ca-^^-dilution  was  in  large  de- 
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Fig.  1 .  Effect  of  diluting  Ca'''*  in  cell  medium  at 
time  of  adding  dextran.  Ca-free  dextran  solution  was 
added  to  cell  suspensions  containing  three  different 
levels  of  Ca^*^,  and  the  resulting  histamine  release  in 
each  case  is  plotted  vs  the  original  Ca*^  level  of  the 
medium  (O),  and  vs  the  Ca^*"^  level  after  the  Ca-free 
dextran  addition  (A).  In  each  case,  the  plot  using  the 
final  Ca^*  levels  falls  very  close  to  the  standard  curve 
(determined  by  adding  dextran  solution  containing  the 
same  Ca^'^  level  as  the  cell  suspension  in  each  case). 
The  blank  values  (■)  show  release  by  buffer  alone. 

gree  (usually  about  75%)  reflected  in  the 
resulting  decrease  in  histamine  release. 
Even  when  cells  were  concentrated  in  a 
small  volume  of  1 .0  mAf  Ca'-^^  buffer  and 
treated  with  Ca-free  dextran  in  relatively 
large  volume,  so  that  the  Ca"-^"^  level  of  the 
medium  was  thereby  reduced  below  0.1  mA/ 
(a  level  at  which  no  release  occurs  from 
equilibrated  cells),  virtually  no  net  release 
occurred  (2  expts.).  Since  histamine  release 
by  dextran  at  25°  starts  within  30  sec  and  is 
largely  completed  in  2  min  (12),  these  re- 
sults show  that  dilution  of  Car^  in  the  me- 
dium promptly  altered  cell  responsiveness 
almost  to  the  full  extent  predicted  by  the 
degree  of  dilution  (in  contrast  to  the  slow- 
ness of  restoration  of  the  Ca*-^  effect  consid- 
ered below). 

Time  required  to  restore  Ca^^  effect.  Cells 
that  had  been  in  Ca-free  buffer  for  15-30 
min  at  25°  released  relatively  small  amounts 
of  histamine  when  Ca*^^,  1  mA/,  and  dextran 
were  added  to  them  simultaneously  (Fig.  2, 


37»  ♦  25* 


10  20 

TIME  WITH  Co**  (mm) 

Fig.  2.  Effect  of  preincubation  time  of  cells  with 
1 .0  mM  Ca^^^  on  histamine  release  by  dextran.  The  cells 
had  been  in  Ca-free  buffer  at  25°  for  15-30  min.  Re- 
sults are  shown  for  preincubation  of  the  cells  with  Ca-* 
and  challenge  with  dextran  at  25°  (-•-);  preincubation 
and  challenge  at  37°  (-0-);  preincubation  at  0°  and 
challenge  after  2  min  at  25°  (-A-);  and  preincubation 
at  37°  and  challenge  after  2  min  at  25°  (-A-).  Mean 
results  of  three  25°-experiments  and  of  four  37°-cxpcri- 
ments  are  shown.  Individual  results  in  each  group  were 
similar  in  trend. 


zero  time).  A  period  of  preincubation  of  the 
cells  with  the  Ca*-^"^  was  required,  before  ad- 
dition of  dextran,  in  order  for  dextran  to 
produce  maximal  release.  At  25**,  a  10-min 
preincubation  was  required  (Fig.  2).  If  the 
cells  were  preincubated  with  Ca^"^  at  0**,  and 
then  changed  back  to  25°  for  2  min  before 
challenge  with  dextran,  there  was  virtually 
no  increase  in  histamine  release  as  preincu- 
bation time  increased.  When  preincubation 
was  at  37°,  maximal  release  at  37°  was 
reached  after  only  about  5  min,  although 
release  was  small,  as  always  at  37°  (10).  If 
the  37°-preincubated  cells  were  changed 
back  to  25°  for  2  min  before  dextran  was 
added,  release  was  greater,  and  the  earlier 
peak  observed  at  37°  was  in  part  main- 
tained. Thus,  a  significant  part  of  the  effect 
of  Ca'-^^,  depended  on  the  Ca^^  reaching,  by 
a  temperature-dependent  process,  cell  sites 
that  were  not  immediately  available. 

Effects  of  other  cations.  In  Ca-free  me- 
dium, Sr^^,  Ba*^^,  and  Mg^^  in  concentra- 
tions up  to  10  mA/  each  consistently  failed 
to  replace  Ca^^  in  supporting  histamine 
release  by  dextran  (Table  II).  Spontaneous 
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I.  Effect  of  Various  Divalent  Cations 
STAMiNE  Release  from  the  Cells  by 
Dextran." 


Histamine  release 

bydextran(nety  (% 

Ided      Concn  (mM) 

of  cell  histamine) 

1  ±  0 

1.0 

1  ±  0 

3.0 

0  ±  0 

10.0 

1  ±  0 

1.0 

1  ±  1 

3.0 

1  ±  0 

10.0 

0  ±  0 

1.0 

0±  1 

3.0 

1  ±  1 

10.0 

-1  ±  2 

1.0 

23  ±  15 

3.0 

14  ±  10 

10.0 

6  ±  3 

'lutions  were  Ca-free  except  where  Ca**  is 
;oncn  10  /ig/ml.  Tris-HCI.  18  mAf ,  was  sub- 
phosphate  of  normal  buffer.  Cations  were 
filorides.  Cells  were  preincubated  with  salt 
»r  10  min  before  dextran  was  added, 
of  release  by  dextran  over  that  by  the  corre- 
ilt  solution  alone,  ±  SD.  Mean  results  of 
nents,  each  made  with  replicate  samples  of 
i,  are  shown. 

f  histamine  into  the  medium  (with- 
an)  was  unaffected  or  decreased  by 
n  additions.  When  used  in  conjunc- 
various  Ca^"^  levels,  Mg^"^  1 .0  mAf 
out  effect  or  somewhat  inhibitory 
e  by  dextran  (not  shown).  Mn^^, 
mAf,  did  not  support  release  by 
without  Ca^^,  and  strongly  inhibited 
se  by  dextran  with  Ca^^.  Na^  and 
not  required  for  release,  as  satisfac- 
ase  was  obtained  in  0.18  M  Tris- 
fer  with  no  other  cations  present 
:a2+.  Ouabain,  lO-^-lO^  M,  was 
iffect  on  release  by  dextran  in  nor- 
;r  and  in  K-free  buffer. 
ge  of  release  by  EDTA  or  glucose y 
ition  of  cell  medium.  As  shown  in 
iding  EDTA  (3  mM)  can  stop  his- 
^lease  (in  normal  buffer)  short  of 
)n,  if  the  EDTA  is  added  to  the 
in  1  min  after  the  addition  of  dex- 
•|y  addition  of  glucose  (4  mg/ml) 
inished  the  amount  of  histamine 
as  did  15-fold  dilution  of  the  cell- 
nixture  with  normal  buffer.  The 
ilts  were  obtained  when  the  added 
contained  10  /xg/ml  of  PS,  show- 
lilution  of  PS  was  not  the  basis  of 
age. 


70  - 
60  - 


£      30 

X 


^r- 


-/A- 


0  -5  1.0  10.0 

TIME  AFTER  ADDING  DEXTRAN 

Fig.  3.  Reduction  in  histamine  release  by  dextran 
due  to  addition  of  EDTA  or  glucose,  or  to  15-fold 
dilution  of  cell  suspension  with  normal  buffer.  Differ- 
ent cell  preparations  were  used  in  the  three  experi- 
ments. Additions  were  made  at  the  indicated  times 
after  addition  of  dextran,  and  histamine  release  was 
determined  after  15-min  incubation  with  dextran. 


Effect  of  PS  on  histamine  release.  PS  was 
used  in  the  experiments  discussed  thus  far  in 
concn  of  7-10  /xg/ml,  which  was  nearly  as 
effective  as  much  higher  levels.  PS  alone  did 
not  release  histamine.  It  increased  release 
by  dextran  from  7  ±  5%  up  to  52  ±  10%  {n 
=  8),  as  expected  from  previous  results.  We 
found  the  effect  of  PS  to  be  virtually  the 
same,  whether  it  was  added  to  the  cells  10 
min  before  dextran  or  together  with  the  dex- 
tran (49%  vs  50%,  Ai  =  3).  Likewise,  add- 
ing the  PS  30-45  min  before  dextran  did  not 
further  increase  release.  Thus,  the  PS  effect 
was  very  rapidly  established,  reasoned  as 
follows.  Without  PS,  dextran  releases  little 
histamine,  but  still  rapidly  desensitizes  the 
cells  (by  about  50%  in  2  min)  (12,  17). 
Therefore,  dextran  added  with  PS  would 
have  released  much  less  histamine  than  dex- 
tran added  10  min  or  longer  after  PS,  if  PS 
had  not  become  effective  very  rapidly. 

Washing  the  cells  twice  with  buffer  after 
adding  PS  but  before  adding  dextran,  de- 
creased release  by  50-90%  (compared  with 
release  from  similarly  washed  cells  to  which 
PS  was  added  after  washing,  rather  than 
before).  This  indicated  that  some  of  the  cell- 
associated  PS  could  be  washed  away.  We 
attempted  to  substitute  phosphatidyl  glyc- 
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erol  (which  does  not  seem  to  have  been 
tested)  for  PS  in  the  release  reaction,  but 
found  it  without  definite  effect  in  concns  up 
to  28  /xg/ml. 

Interaction  ofCa'^^  and  PS.  As  Ca^^  concn 
was  varied  from  0.2  mM  up  to  3  mM  in 
different  tubes,  histamine  release  by  dex- 
tran  increased  to  a  maximum  and  then  de- 
clined, whether  or  not  PS  was  used.  Use  of 
PS  (7-14  /xg/ml)  in  the  experiments  in- 
creased release,  as  already  noted,  but  also 
shifted  the  peak  of  release  to  higher  Ca^^ 
levels.  Thus,  whereas  release  without  PS 
was  greater  at  0.5  mM  than  at  1 .0  mM  Ca^^ 
in  five  of  six  experiments  (mean  of  1 1%  vs 
9%,p  =  0.15),  release  with  PS  was  greater 
at  1 .0  mM  Ca'*^^  in  all  cases  (mean  of  56%  at 
0.5  mM  vs  60%  at  1.0  mM,  p  =  0.03), 
suggesting  that  the  addition  of  PS  increased 
the  level  of  Ca"-^  required  to  give  maximum 
release.  Binding  of  Ca*^^  by  the  PS  (mole  for 
mole)  would  not  have  significantly  changed 
the  Ca*-^^  level  in  the  medium. 

Discussion,  This  study  showed  that  hista- 
mine release  from  Sprague-Dawley  rat  mast 
cells  by  dextran  was  completely  dependent 
on  exogenous  Ca'*^^  in  the  medium,  in  con- 
trast to  anaphylactic  release  from  the  same 
cells.  Others  have  also  noted  the  incomplete 
dependence  of  anaphylactic  release  on  Ca*-^^ 
in  the  medium  (18).  We  demonstrated  that 
the  degree  of  cell  desensitization  by  dextran 
increased  progressively  as  Ca^^  in  the  me- 
dium increased,  in  amplification  of  our  pre- 
vious study  (5).  In  the  virtual  absence  of 
Ca'-^^  in  the  medium,  spontaneous  leakage  of 
histamine  from  the  cells  increased,  and  the 
release  response  could  not  be  entirely  re- 
stored to  normal  by  adding  back  Ca*^^. 

We  found  no  effective  substitute  for  Ca^^ 
in  the  release  reaction,  in  contrast  to  the 
finding  of  Foreman  and  Mongar  (19,  20) 
that  Sr^^  (1-10  mM)  and  Ba^^  (5-10  mM) 
considerably  increased  release  from  their 
cells  by  antigen  without  Ca'-^^.  Also,  we 
found  that  Sr-^  and  Ba'^^  (and  Mg-^^)  usually 
decreased  (rather  than  increased)  sponta- 
neous histamine  leakage.  Whether  these  dif- 
ferences in  results  are  due  to  differences  in 
rat  strain  or  releasing  agent,  or  to  subtle 
differences  in  techniques,  is  not  clear. 

PS  enhances  release  from  rat  mast  cells  by 
increasing  the  rate  of  release,  rather  than  by 
prolonging  the  duration  of  release  (7,  8)  by 


decreasing  the  rate  of  desensitization  (12, 
17).  Although  histamine  release  and  cell 
desensitization  by  dextran  are  completely 
dependent  on  Ca^^  in  the  medium,  release 
in  small  degree  and  desensitization  at  the 
usual  rate  occur  without  PS  (12,  17).  Sev- 
eral workers  (2,8,  15)  have  postulated  that 
PS  enhances  release  by  activating  Na"*^,  K"- 
ATPase,  although  they  found,  as  we  did  in 
this  study,  that  ouabain  did  not  affect  the 
release  (8,  17). 

We  previously  suggested  that  (in  addition 
to  other  actions  of  Ca^"^)  Ca^""  and  PS  might 
act  together  at  the  cell  surface,  as  the  dex- 
tran receptor  function  in  Sprague-Dawley 
cells  seemed  to  depend  on  exogenous  Ca-^ 
(5).  Others  have  considered  a  similar  mech- 
anism in  anaphylactic  release  from  rat  mast 
cells  (19).  Possibly  the  present  observations 
support  this  concept.  Although  Ca^^  re- 
quired 10  min  to  become  maximally  effec- 
tive in  supporting  release  when  added  back 
to  Ca-deficient  cells  (and  its  immediate  ef- 
fect was  small),  dilution  of  Ca^^  in  the  cell 
medium  was  promptly  and  substantially  re- 
flected in  a  decrease  in  release  by  dextran. 
Likewise,  addition  of  PS  to  the  cell  medium 
was  immediately  fully  effective  in  increasing 
release.  Thus,  both  Ca^^  and  PS  produced 
obligatory  effects  at  quickly  accessible  cell 
sites.  Interaction  of  the  two  factors  was 
shown  by  their  synergism,  and  probably  by 
an  effect  of  PS  on  the  Ca^"^  level  required  for 
maximum  release  by  dextran.  With  cells 
that  do  not  require  PS  for  release,  the  ef- 
fects of  Ca*^"^  may  differ  from  those  observed 
here  (21). 

The  delayed  and  incomplete  restoration 
of  histamine  release  associated  with  the 
readdition  of  Ca^^  to  Ca-deficient  Sprague- 
Dawley  cells,  complicates  experiments  in- 
volving exposure  of  cells  to  Ca-free  solu- 
tions, such  as  the  present  experiments,  and 
our  previous  studies  of  cell  activation  and 
desensitization  without  Ca^"^  (5).  However, 
other  investigators,  using  cells  from  other 
sources,  do  not  seem  to  have  encountered 
these  problems  (6,  17,  18). 

The  presently  observed  stoppage  of  dex- 
tran-induced  histamine  release  by  EDTA  is 
not  surprising  (except  perhaps  for  the 
promptness  of  the  effect),  assuming  thai 
Ca^^  is  required  in  the  final  stage  of  the 
release,  as  it  is  in  the  human  leukocyte- 
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antigen  reaction  (6,  22).  The  stoppage  by 
adding  glucose  (presumably  due  to  competi- 
tive inhibition  of  dextran  binding  (1))  and 
by  diluting  the  cells  (probably  due  to  the 
reduction  in  dextran  concn)  was  unex- 
pected, however,  by  analogy  with  the  hu- 
man leukocyte  reaction,  as  that  reaction 
proceeds  in  the  absence  of  the  releasing 
agent  once  the  cells  have  been  activated  (6). 
Summary.  Histamine  release  from 
Sprague-Dawley  rat  mast  cells  by  dextran 
was  completely  inhibited  by  the  absence  of 
exogenous  Ca*-^"*^  (in  contrast  to  release  from 
the  same  cells  by  antigen).  Also,  sponta- 
neous leakage  of  histamine  from  the  cells 
increased  in  the  absence  of  Ca'^^,  and  cell 
responsiveness  was  not  completely  restored 
by  readding  Ca^^.  We  found  no  effective 
substitute  for  Ca*-^"^  in  the  release  reaction. 
Ca*-^"^  was  not  maximally  effective  immedi- 
ately when  added  back  to  Ca-deficient  cells, 
but  almost  the  full  effect  of  diluting  Ca*"^^  in 
the  medium  (which  decreased  release)  and 
of  adding  PS  (which  increased  release)  were 
very  rapidly  established,  suggesting  that 
both  Ca^"^  and  PS  might  act  (in  part)  at 
superficial  cell  sites.  Release  from  activated 
cells  could  be  stopped  short  by  adding  glu- 
cose or  by  diluting  the  cell-dextran  mixture 
with  normal  buffer,  as  well  as  by  adding 
EDTA,  which  deserves  further  study. 
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Recent  work  from  our  laboratory  led  to 
the  development  of  a  radioimmunoassay 
(RIA)  for  porcine  relaxin  utilizing 
['-^■^Ilpolytyrosyl  relaxin  (1).  Addition  of  ty- 
rosine to  the  relaxin  molecule  proved  to  be 
necessary  as  the  purified  native  hormone 
does  not  contain  tyrosine  or  histidine  (2) 
and  fails  to  iodinate  when  subjected  to  the 
Hunter  and  Greenwood  method  (1).  An 
impure  relaxin  extract  was  used  by  other 
workers  who  claimed  successful  iodination 
of  the  hormone  (3). 

We  have  previously  demonstrated  cross- 
reactions  of  antisera  to  porcine  relaxin  with 
relaxin-containing  tissues  of  several  species 
including  rats,  mice,  chickens,  whales,  and 
human  beings  (4).  Because  of  this  broad 
range  of  immunological  cross-reactivity  of 
relaxin  from  different  sources,  it  was  of  in- 
terest to  develop  a  RIA  for  determination  of 
blood  levels  of  relaxin  in  species  other  than 
the  pig.  We  have  now  assayed  relaxin  levels 
throughout  pregnancy  in  rats,  mice,  and 
guinea  pigs,  and  near  term  in  dogs  and  pri- 
mates. 

Materials  and  methods.  Radioimmunoas- 
say, The  relaxin  RIA  has  been  modified 
since  the  publication  of  the  original  report 

Reagents.  Two  fractions  of  porcine  relaxin 
prepared  according  to  the  procedure  of 
Sherwood  and  O'Byrne  (2)  were  used  in  the 
development  of  the  method.  A  moderately 
pure  fraction  (G-50:100()  U/mg)  was  used 
for  immunization  and  a  highly  purified  frac- 
tion (CM- A  +  B:  2500  to  3000  U/mg)  was 
used  for  standards  and  preparation  of  poly- 
tyrosyl-relaxin.  The  assay  was  equally  sensi- 
tive and  linear  when  we  used  a  purified 
relaxin  prepared  by  a  different  method  and 
kindly  supplied  by  Dr.  Christian  Schwabe, 
Medical  College  of  South  Carolina.  Thus, 
the  antigenic  determinants  of  porcine  re- 
laxin do  not  appear  to  be  altered  by  differ- 
ing routes  of  biochemical  purification.  How- 


ever, reduced-alkylated  relaxin  as  well  as 
isolated  a  and  )3  subunits  of  relaxin  did  not 
compete  with  ['-^'^Ijpolytyrosyl-relaxin  for 
binding  sites  on  the  antibody.  Although  re- 
laxin precursors  and/or  metabolic  products 
may  be  immunoreactive,  these  observations 
suggest  a  requirement  for  the  overall  struc- 
ture of  two  peptide  chains  connected  by 
disulfide  bonds  for  antibody  recognition. 
Poly  ty  rosy  1- relaxin,  ['^*'^I]polytyrosyl-re- 
laxin,  and  relaxin  antisera  were  prepared  as 
previously  described  (1).  Goat  anti-rabbii 
gamma  globulin  was  purchased  from  Anti- 
bodies Incorporated,  Davis,  California. 

RIA  procedure.  1 .  One-hundred  microli- 
ters of  relaxin  standard  solutions  [10  to 
2500  pg  relaxin  in  phosphate  buffered  saline 
(PBS  =  0.01  A/  sodium  phosphate,  pH  7.0. 
0.14  M  sodium  chloride)-! %  egg  albumin) 
plus  a  volume  of  control  serum  or  plasma 
(male  or  castrated)  equivalent  to  that  of  the 
unknown  samples  were  added  to  standard 
curve  tubes. 

2.  Unknown  serum  or  plasma  samples 
were  added  to  other  tubes. 

3.  Sufficient  PBS-1%  egg  albumin  was 
added  to  each  tube  to  bring  the  volume  to 
500  fjL\. 

4.  One-hundred  microliters  of  [*^'*I)poly- 
tyrosyl-relaxin  in  PBS-1%  egg  albumin 
(30,000  to  60,000  cpm)  were  added  to  each 
tube. 

5 .  One-hundred  microliters  of  relaxin  an- 
tiserum diluted  in  0.05  M  EDTA-PBS  con- 
taining 6%  male  rabbit  serum  were  added  to 
each  tube.  (A  1:50,000  working  dilution  of 
our  antiserum  binds  30-40%  of  the 
['-^'"^Ilpolytyrosyl-relaxin  when  no  competing 
unlabeled  relaxin  is  present  in  the  tube). 

6.  The  tubes  were  then  incubated  at  4**  for 
24  hr. 

7 .  Antibody-bound  [*^*I]polytyrosyl-re- 
laxin  was  precipitated  by  one  of  the  follow- 
ing two  methods,  (a)  Double-antibody: 
Two-hundred   microliters   of  diluted  goat 
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it  gamma  globulin  (50  /xl  -f  150  /xl 
re  added  to  each  tube.  The  tubes 
ibated  at  4°  for  an  additional  24  hr 
centrifuged.  (b)  Polyethylene  gly- 
sufficient    volume    of    25%    w/w 

solution  of  polyethylene  glycol 
IX  6000)  at  4°  was  added  to  each 
lake  the  final  concentration  of  the 
12.5%  (5).  The  tubes  were  shaken 

centrifuged.  Polyethylene  glycol 
es  gamma  globulin  (5)  and  thus 

economical  and  fast  method  for 
g  antibody-bound  hormone  from 
lone.  However,  as  the  volume  of 
sayed  is  increased  the  number  of 
ic  counts  precipitated  by  polyeth- 
col  is  increased,  thereby  reducing 
tivity  of  the  assay.  When  relaxin 
-e  so  low  that  more  than  1 00  /xl  of 
plasma  were  needed  for  a  measur- 
onse,  the  double-antibody  proce- 
me  the  method  of  choice.  This  was 
he  case  with  the  samples  of  serum 
from  pregnant  women. 

supernatants  were  aspirated  and 
pitates  were  counted  in  an  auto- 
imma  counter  (Packard  Auto- 
Jpectrometer). 

dards  and  unknowns  were  assayed 
te.  Logit  and  log  transformations 
jsed  to  obtain  linear  dose  response 

porcine  relaxin  added  to  sera  of 
cies.  Standard  curves  were  con- 
jsing  known  amounts  of  porcine 
Ided  to  serum  or  plasma  obtained 
J  rats  and  ovariectomized  women. 

relaxin  standards  were  added  to 
mples  of  pooled  plasma  obtained 
iectomized  women  then  incubated 
24  hr  prior  to  RIA  to  determine  if 
rum  contained  a  **relaxinase"  or 

destroyed  the  hormone. 

relaxin  was  injected  im  in  a  ba- 

blood  samples  were  taken  at  fre- 
irvals  for  RIA.  The  hormone  was 
red  at  a  dose  of  1  mg  in  saline 
then  6  hr  later  1  mg  in  a  gelatin 
'  solution. 

levels  in  sera  of  pregnant  individ- 
3ups  of  timed  pregnant  mice 
River  CD-I),  rats  (Charles  River 

guinea  pigs  (Charles  River  Har- 
re     bled    at    frequent    intervals 


throughout  pregnancy  and  after  parturition, 
and  relaxin  levels  were  determined  by  RIA. 

RIA  relaxin  was  also  determined  in  blood 
samples  obtained  from  late  pregnant  dogs, 
Java  and  rhesus  monkeys,  baboons,  and  hu- 
man beings.  Control  blood  samples  were 
drawn  from  nonpregnant  individuals  and 
males  of  the  above  species. 

Results.  Addition  of  100  /xl  of  male  rat 
serum  to  each  sample  tube  did  not  signifi- 
cantly alter  the  linear  regression  of  the 
standard  curve  for  porcine  relaxin  prepared 
in  PBS-1%  egg  albumin  (Fig.  1).  Similarly, 
pooled  plasma  obtained  from  ovariectomized 
(ovx)  women  did  not  affect  the  standard 
curve  obtained  with  porcine  relaxin .  Incuba- 
tion of  porcine  relaxin  in  ovx  human  plasma 
at  37°  for  24  hr  did  not  influence  the  reactiv- 
ity of  the  hormone  with  the  antiserum  (Fig. 

2). 

Following  im  injection  of  a  saline  solution 
of  1  mg  of  purified  porcine  relaxin  into  a 
female  baboon,  the  serum  concentration  of 
RIA  relaxin  rose  to  a  peak  at  2.5  hr  and 
then  declined  by  4.5  hr  (Fig.  3).  A  second 
im  injection  of  1  mg  of  porcine  relaxin  was 
given  in  a  20%  gelatin  retardant  vehicle  6  hr 
after  the  initial  injection.  A  much  smaller 
but  protracted  increase  in  serum  RIA  re- 
laxin was  observed  for  the  duration  of  the 
experiment  (Fig.  3). 

RIA  relaxin  was  first  detected  in  serum 
on  Day  9  of  pregnancy  in  rats  (Fig.  4).  The 
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Fig.  1 .  Porcine  relaxin  standard  curves  in  buffer  or 
in  buffer  containing  100  fi\  of  male  rat  serum.  The 
linear  regression  for  the  two  curves  is  as  follows.  Corre- 
lation coefficient:  buffer  =  -0.9989;  buffer  +  male 
serum  =  -0.9984.  Slope:  buffer  =  -  1 .0213;  buffer  + 
male  serum  =  -1.0273.  Logit  intercept:  buffer  = 
5.2570;  buffer  -f  male  serum  =  5.1382. 
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Fig.  2.  Porcine  relaxin  standard  curves.  Open  cir- 
cles indicate  samples  which  were  incubated  at  37**  for 
24  hr  in  human  plasma.  Closed  circles  are  samples 
which  were  added  to  human  plasma  just  prior  to  assay. 
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Fig.  3.  RIA  relaxin  in  serum  of  a  baboon  which 
received  im  injections  of  porcine  relaxin  in  saline  solu- 
tion (time  0)  or  20%  gelatin  (6  hr).  Values  greater  than 
20  ng/ml  are  significantly  different  from  0. 
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Fig.  4.  RIA  relaxin  levels  in  sera  of  pregnant  rats. 
Dotted  line  indicates  sensitivity  of  the  assay.  Arrows 
indicate  "less  than." 

levels  of  immunoreactive  hormone  in- 
creased until  Day  1 5  of  pregnancy  and  re- 
mained elevated  until  term,  whereafter  they 


fell  to  unmeasurable  levels  by  2  days  post- 
partum (Fig.  4).  A  similar  pattern  of  RIA 
relaxin  was  observed  in  sera  of  pregnant  and 
postpartum  mice  (Fig.  5). 

In  guinea  pigs,  serum  RIA  relaxin  rose 
gradually  throughout  the  course  of  gestation 
and  was  still  elevated  on  the  day  following 
parturition  (Fig.  6). 

Serum  samples  taken  from  a  pregnant 
bitch  4  days  prior  to  whelping  and  1  month 
postpartum  were  assayed  using  serum  from 
a  male  dog  as  control.  A  level  of  RIA  re- 
laxin equivalent  to  2.4  ng/ml  of  serum  was 
detected  in  pregnancy.  No  RIA  relaxin 
could  be  detected  in  the  postpartum  sample. 

Plasma  samples  taken  from  19  women  in 
the  third  trimester  of  pregnancy  were  as- 
sayed at  2  volumes  each  and  calculated  us- 
ing standard  curves  containing  equivalent 
volumes  of  pooled  human   male   plasma. 
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Fig.   5.  RIA  relaxin  levels  in  sera  of  pregnant  mia 
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Fig.  6.  RIA    relaxin    levels   in    sera   of  pregnant 
guinea  pigs. 
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lone  crossreacting  with  the  antibody 
alent  to  0.41  ±  0.03  ng  of  porcine 
n/ml  plasma  was  detected  in  these  hu- 
»amples.  Relaxin  levels  in  pregnant  in- 
lals  of  other  primate  species  were  as 
^s:  rhesus  monkey  (Day  83)  0.27  ng/ 
iva  monkey  (Day  76)  0.23  ng/ml;  ba- 
(five  individuals,  Days  27-147)  0.27 
)2  ng/ml. 

cussion.  Control  serum  obtained  from 
.  or  castrated  individuals  was  added  to 
ubes  containing  the  porcine  relaxin 
ards  to  compensate  for  nonspecific  ef- 
of  the  volume  of  serum  used  to  assay 
)wns.  This  procedure  yielded  a  linear 
Dnship  between  the  volume  of  serum 
*d  and  the  amount  of  relaxin  detected, 
ubation  of  porcine  relaxin  standards  in 
n  plasma  did  not  destroy  the  immuno- 
vity.  Thus,  human  plasma  does  not 
T  to  have  *'relaxinase"  activity, 
len  porcine  relaxin  in  saline  solution 
ijected  into  a  baboon  the  serum  level 
rapidly  to  a  peak  at  2.5  hr  and  then 
led  by  the  time  the  next  blood  sample 
)btained  at  4.5  hr.  This  observation 
sts  that  the  hormone  was  rapidly  ab- 

d,  metabolized,  and/or  excreted. 
I  the  relaxin  was  injected  in  a  gelatin 

e,  serum  levels  of  RIA  relaxin  rose 
more  slowly,  suggesting  a  slower  ab- 

on  from  the  site  of  injection. 
\.  relaxin  was  first  detectable  in  serum 
e  ninth  day  of  pregnancy  in  the  rat. 
jvels  rose  between  the  twelfth  and  fif- 
1  day  of  gestation  and  remained  ele- 
until  after  parturition.  Anderson  et  al. 
rported  a  similar  increase  in  ovarian 
n  (bioassay)  between  Days  14  and  20 
gnancy  in  rats.  The  rise  in  serum  and 
in  relaxin  thus  immediately  precedes 
St  detectable  increase  in  cervical  dilat- 
'  on  Day  13  of  pregnancy  in  rats  (8). 
:al  dilatability  then  increases  linearly 
parturition,  whereupon  the  cervix 
up  dramatically  the  first  2  days  post- 
n  (8).  Similarly  in  mice,  serum  RIA 
1  levels  rose  precipitously  between  the 
li  and  fifteenth  days  of  gestation  and 
led  elevated  until  after  parturition.  In 
the  cervix  progressively  softens  from 
5  until  term  while  interpubic  ligament 
tion  proceeds  from  about  Day  16  until 
9).  These  data  support  the  view  that 


relaxin  is  secreted  by  the  rodent  ovary  dur- 
ing the  last  third  of  pregnancy  and  is  respon- 
sible for  the  changes  observed  in  the  con- 
nective tissue  of  the  pubic  symphysis  and 
uterine  cervix.  Likewise  in  guinea  pigs, 
which  have  a  much  longer  gestation  period, 
serum  RIA  relaxin  was  observed  to  increase 
from  about  Days  40  to  60  of  pregnancy. 
Many  workers  have  described  the  remarka- 
ble '^relaxation"  of  the  pelvic  girdle  which 
occurs  during  the  last  third  of  pregnancy  in 
this  species  (see  10).  In  addition.  Porter 
(11)  has  suggested  that  relaxin  rather  than 
progesterone  may  be  the  major  myometrical 
regulating  factor  in  the  guinea  pig.  The  var- 
ious pregnancy-associated  changes  can  be 
duplicated  in  nonpregnant  rodents  by  in- 
jected porcine  relaxin  (8-11).  Thus  when 
past  and  present  data  are  considered  to- 
gether, they  strongly  suggest  that  the  serum 
factor  identified  by  RIA  in  the  present  study 
is  the  physiologically  active  hormone,  re- 
laxin. 

The  relaxin  levels  measured  in  serum  of 
pregnant  animals  by  the  present  RIA  reflect 
cross-reactions  of  their  hormones  with  an 
antibody  to  porcine  relaxin.  The  cross-reac- 
tions of  pregnant  rats  and  mice  were  equiva- 
lent to  1-2  ng  of  porcine  relaxin/ml  serum. 
The  levels  found  in  pregnant  guinea  pigs 
were  less  than  1  ng/ml.  The  pregnant  dog 
serum  was  equivalent  to  2-3  ng/ml  in  com- 
parison to  0.2  to  0.3  ng/ml  detected  in  preg- 
nant non-human  primates.  In  pregnant  hu- 
man beings  RIA  relaxin  levels  were  about 
0.4  ng/ml.  These  apparent  species  differ- 
ences in  absolute  levels  of  RIA  relaxin  may 
actually  be  due  to  differences  in  structure 
rather  than  number  of  the  various  relaxin 
molecules.  Those  structures  which  are  most 
similar  to  porcine  relaxin  would  presumably 
cross-react  more  strongly  with  the  anti-por- 
cine relaxin  antibody  than  those  structures 
which  differ  significantly  from  the  homolo- 
gous hormone.  In  order  to  prove  this  point 
it  would  be  necessary  to  isolate  relaxin  from 
tissues  of  the  various  species  in  sufficient 
mass  to  permit  molecular  weight  determina- 
tion and  the  quantitative  preparation  of  so- 
lutions. However,  we  believe  that  the  fluc- 
tuations seen  during  the  course  of  preg- 
nancy in  any  one  species  (e.g.,  rat)  do  re- 
flect accurately  the  relative  amounts  of  hor- 
mone being  produced. 
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It  is  of  interest  that  Sherwood  et  al,  (1) 
were  unable  to  detect  RIA  relaxin  in  preg- 
nant guinea  pig  serum  and  found  a  differ- 
ence in  slope  between  "pregnant  rat  re- 
laxin" and  their  porcine  standards.  These 
differences  may  be  due  to  their  use  of  differ- 
ent antisera  and  to  their  failure  to  add  con- 
trol sera  of  the  species  at  assay  to  the  stand- 
ard tubes. 

Summary,  We  have  investigated  the  ap- 
plication of  a  RIA  for  porcine  relaxin  to  the 
assay  of  relaxinlike  substances  in  the  blood 
of  various  other  mammalian  species.  The 
cross-reactivity  between  antiporcine  relaxin 
antibody  and  the  relaxinlike  substances  in 
the  blood  of  other  mammals  during  preg- 
nancy was  sufficiently  high  to  permit  the 
assay  of  0.1-0.5  ml  of  serum  or  plasma 
samples.  Nonspecific  reactivity  was  con- 
trolled by  adding  similar  volumes  of  serum 
or  plasma  obtained  from  ovariectomized  fe- 
male or  intact  male  subjects  to  RIA  tubes 
containing  known  porcine  standards. 

RIA  relaxin  levels  rose  markedly  during 
the  last  third  of  pregnancy  in  rats,  mice,  and 
guinea  pigs.  RIA  relaxin  was  also  found  in 
late  pregnancy  in  dog,  rhesus  and  Java  mon- 
keys, and  human  beings.  The  apparent 
blood  levels  of  hormone  found  in  each  spe- 
cies will  depend  upon  their  degree  of  cross- 
reactivity  with  the  antiporcine  relaxin  anti- 
body as  well  as  upon  their  actual  concentra- 
tion. Thus,  absolute  blood  level  values 
should  not  be  taken  literally.  However,  the 
fluctuations  in  RIA  relaxin  observed  during 
the  course  of  gestation  in  any  given  species 
would  appear  to  reflect  accurately  the  rela- 


tive blood  concentrations  of  the  hormone. 

We  thank  the  following  for  their  invaluable  help 
during  the  course  of  this  work:  Mr.  Wilbur  Saw>er  and 
Mrs.  Margaret  Butler  for  skillful  help  in  various  phases 
of  the  work;  Dr.  R.  P.  Blye,  Center  for  Population 
Research.  NIH,  for  blood  samples  obtained  from  a 
relaxin-treated  baboon;  Dr.  Wendell  H.  Niemann. 
New  York  University  Medical  School  (LEMSIP),  for 
blood  samples  obtained  from  pregnant  baboons.  Java 
and  rhesus  monkeys;  Dr.  Christian  Schwabe,  Medical 
University  of  South  Carolina,  and  Dr.  Albert  Segaloff, 
Alton  Ochsner  Medical  Foundation,  for  human  preg- 
nancy serum  samples. 


1 .  Sherwood,  O.  D.,  Rosentreter.  K.  R.,  and  Birkhi- 
mer.  M.  L.,  Endocrinology  96,  1106  (1975). 

2.  Sherwood.  O.  D..  and  O'Byrne,  E.  M.,  Arch. 
Biochem.  Biophys.  160,  185  (1974). 

3.  Bryant,  G.  D.,  Endocrinology  91, 1 1 13  (1972). 

4.  Steinetz,  B.  G.,  Beach,  V.  L.,  Tripp,  L.  V.,  and 
DeFalco,  R.  J.,  Acta  Endocrinol.  47,  371  (1964). 

5.  Desbuquois,  B.,  and  Aurback.  G.  D..  J.  Clin. 
Endocrinol.  33,732  (1971). 

6.  Rodbard,  D.,  and  Lewald,  J.  E..  iVi  E.  Diczfalusy 
(ed.),  "2nd  Karolinska  Symposia  on  Research 
Methods  in  Reproductive  Endocrinology,  Bog- 
try  kkeriot  Forum,  Copenhagen,"  p.  79  (1970). 

7.  Anderson,  L.  L.,  Bast,  J.,  and  Melampy,  R,  J. 
Endocrinol.  59,371  (1973). 

8.  Kroc,  R.  L.,  Steinetz,  B.  G.,  and  Beach.  V.  L.. 
Ann.  N.  Y.  Acad.  Sci.  75,  942  (1959). 

9.  Steinetz.  B.  G.,  Beach,  V.  L.,  and  Kroc,  R.  L.. 
EndtKrinology  61,  271  (1957). 

10.  Hisaw,  F.,  and  Zarrow,  M.,  Vil.  Hormones 8, 151 
(1950). 

1 1 .  Porter,  P.,  Biol.  Reprod.  7,  458  (1972). 

Received  January  22,  1976.  P.S.E.B.M.  1976,  Vol. 
152. 


OF  THE  SOaETV  FOB  EXPERIMENTAL  BIOLOGY  AND  MEDICINE  IS2,    277-28(1    (1*^76) 


(  Effect  of  Partial  Starvation  and  Glucagon  Treatment  on  Intestinal  Villus 
Morphology  and  Cell  Migration  (39378) 

IL  D.  RUDO,>  IRWIN  H.  ROSENBERG,^  and  ROBERT  W.  WISSLER^^ 

'ni  of  Medicine,  Section  of  Gastroenterology ,  and  ^Department  of  Pathology,  The  University  of  Chicago, 
Pritzker  School  of  Medicine,  Chicago,  Illinois 


importance  of  gastrointestinal  hor- 
in  the  functional  physiology  of  ali- 
on  has  long  been  recognized.  The 
tion  that  one  of  these  hormones, 
could  stimulate  incorporation  of 
cids  in  gastric  and  duodenal  mucosa, 
1  the  earlier  suggestion  that  gastrin 
es  might  influence  processes  related 
rowth  and  maturation  in  the  gut  (1 , 
sequently,  other  trophic  effects  of 
testinal  hormones  have  been  re- 
;3-8). 

2d  blood  levels  of  the  pancreatic  is- 
hormone  glucagon  (9)  have  been 
ed  with  augmented  intestinal  trans- 
amino  acids  and  sugars  in  diabetic 
,  partially  starved  (13),  and  gluca- 
ited  rats  (14).  Further,  changes  in 
3wel  motility,  absorptive  function, 
icture  have  been  reported  in  a  pa- 
th tumor  secreting  enteroglucagon 
gut-derived  hormone  with  immuno- 
id  some  functional  identities  with 
tic  glucagon.  These  observations 
J  possibility  that  prolonged  exposure 
lented  glucagon  serum  concentra- 
ght  alter  intestinal  mucosal  structure 
IS  function.  This  hypothesis  is  exam- 
this  report  with  studies  of  jejunal 
logy  and  cell  migration  kinetics  in 
with  hyperglucagonemia  produced 
ited  injections  of  the  hormone  or  by 
tarvation  (9). 
il  preparation.  Male  Sprague-Daw- 
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ley  rats  weighing  between  150  and  200g 
were  used  uniformly  throughout  this  study. 
Animals  treated  with  glucagon  were  given  ip 
injections  of  50  /xg  of  Lilly  glucagon  in  dil- 
uent every  6  hr  for  varying  periods  of  time. 
Control  animals  for  glucagon  studies  re- 
ceived 0.05  ml  of  glucagon  diluent  alone 
(containing  0.2%  phenol  as  a  preservative) 
or  0.05  ml  of  normal  saline.  The  last  injec- 
tion was  always  given  1  hr  before  autopsy. 
Throughout  the  period  of  glucagon  treat- 
ment, control  and  experimental  animals 
were  allowed  free  access  to  food  and  water. 
In  this  study,  the  term  ^'partial  starvation" 
refers  to  the  diet  of  rats  that  have  been  given 
6  g  of  Rockland  Complete  Mouse-Rat  Diet 
per  day  per  rat  instead  of  the  normal  food 
intake  of  control  rats,  22  g  per  day.  Food 
was  given  to  the  starved  animals  in  the  eve- 
ning. Control  animals  were  allowed  free  ac- 
cess to  food  and  water  until  autopsy. 

Glucagon  assay.  Blood  for  glucagon  assay 
was  drawn  from  ether-anesthetized  animals 
by  aortic  catheterization.  All  blood  was  col- 
lected into  chilled  tubes  containing  2000 
KIU  of  Trasylol.  The  blood  was  allowed  to 
clot,  and  serum  separated  under  refrigera- 
tion was  then  stored  frozen  until  assayed  for 
glucagon.  Serum  glucagon  concentrations 
were  measured  by  a  standard  double-anti- 
body radioimmunoassay  (9).  '-'Iodine-la- 
beled glucagon  with  a  specific  activity  of 
greater  than  350-400  mCi/mg  was  pur- 
chased from  Cambridge  Nuclear.  The  assay 
sensitivity  was  better  than  20  pg/ml.  Anti- 
body to  porcine,  insulin-free  glucagon  was 
produced  in  guinea  pigs.  The  second  anti- 
body used  was  rabbit  anti-guinea  pig  immu- 
noglobulin. The  antiserum  was  not  wholly 
specific  for  pancreatic  glucagon,  as  it  re- 
acted minimally  with  purified  enterogluca- 
gon (kindly  supplied  by  L.  Heding  of  Novo 
Industries).  Standard  curves  obtained  at  the 
beginning  and  at  the  end  of  the  assay  were 
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identical.  All  determinations  were  per- 
formed in  triplicate.  Variance  within  the  as- 
say was  less  than  10%.  Interassay  variance 
was  negligible. 

Morphology  and  cell  migration  by  autora- 
diography. After  7  days  of  semistarvation  or 
5  days  of  6-hourly  glucagon  injections,  ani- 
mals were  given  ip  injections  of  100  /xCi  of 
[me//2>'/-^Hlthymidine  in  a  1-ml  volume  of 
0.9%  saline.  At  1 .5,  8,  20,  and  32  hr  after 
the  injection,  animals  were  sacrificed,  and  a 
segment  of  proximal  jejunum  1-cm  long  was 
removed  12-cm  distal  to  the  pyloric  valve. 
This  segment  was  placed  serosal  side  down 
onto  a  piece  of  cardboard  and  immersed  in 
20  ml  of  buffered  formalin  for  2  days.  The 
10%  buffered  formalin  was  made  by  mixing 
7  g  of  monobasic  sodium  phosphate  (NaHg- 
PO4H2O),  17  g  of  anhydrous  dibasic  so- 
dium phosphate  (NaHP04),  160  ml  of  form- 
aldehyde, and  enough  water  to  make  1600- 
ml  total  volume  at  a  pH  of  7.0.  The  tissue 
was  then  dehydrated,  embedded  in  paraffin, 
cut  so  that  each  section  was  at  least  50  /xm 
apart,  and  the  sections  put  onto  glass  slides. 
The  slides  were  coded  with  random  num- 
bers and  dipped  in  undiluted  Kodak  NTB-2 
liquid  emulsion,  allowed  to  dry,  placed  in 
light-tight  boxes  with  desiccant,  and  stored 
in  uniform  orientation  in  a  refrigerator  for  8 
weeks.  At  the  end  of  this  period,  the  slides 
were  developed  in  Kodak  Dektol  Developer 
for  5  min  at  19°  and  washed  in  running 
water  at  the  same  temperature  for  30  min. 
The  sections  were  then  stained  with  Nuclear 
Fast  Red  and  cover-slipped. 

The  slides  were  examined  in  a  Bausch  and 
Lomb  microscope  that  contained  a  wide- 
field  eyepiece  with  a  grid  calibrated  for 
measuring.  The  grid  contained  400  square 
units,  each  unit  having  0.05175-mm  sides  at 
low  power.  Measurements  were  made  of 
villus  height,  crypt  depth,  and  the  distance 
on  the  villus  covered  by  radioactive  grains 
visualized  over  nuclei.  All  measurements 
were  made  at  lOx  magnification,  mucosal 
side  of  the  muscularis  mucosae  as  a  base 
line.  Only  villi  were  measured  which  were 
oriented  so  as  to  demonstrate  a  vertical  sec- 
tion through  the  crypt;  thus  an  unbroken 
line  of  cells  could  be  followed  from  the  base 
of  the  crypt  to  the  tip  of  the  villus.  After  all 
the  slides  had  been  examined  and  recorded, 
the  numbering  code  was  broken. 


Data  are  presented  as  the  sample  mean 
plus  or  minus  the  standard  deviation. 
Straight  lines  in  graphs  were  drawn  by  the 
method  of  least  squares  (16).  The  letter  "b" 
is  used  to  denote  the  regression  coefficient 
of  each  line.  Regression  coefficients  were 
compared  with  Student's  /  test  to  establish 
significant  differences  between  plotted 
lines. 

Results.  Production  of  exogenous  hyper- 
glucagonemia.  To  examine  the  effect  of  ip 
injections  of  50  /xg  of  glucagon  on  serum 
levels  of  the  hormone,  sera  were  assayed  at 
various  intervals  after  an  injection.  The  re- 
sults are  shown  in  Fig.  1.  In  a  previous 
study,  control  animals  had  mean  serum  glu- 
cagon levels  of  77  pg/ml,  under  the  condi- 
tions of  this  assay  (9).  After  injection,  se- 
rum glucagon  levels  were  above  the  normal 
range  for  the  first  2  hr,  but  thereafter  values 
returned  to  the  range  of  physiologic  func- 
tion. 

Effects  of  partial  starvation  and  glucagon 
treatment  on  intestinal  villus  morphology 
and  cell  migration.  To  examine  whether  pro- 
longed exposure  to  elevated  plasma  concen- 
trations of  glucagon  might  exert  a  trophic 
effect  on  jejunal  mucosa,  measurements  of 
villus  height  and  rate  of  villus  cell  migration 
were  determined  in  animals  made  hyperglu- 
cagonemic  with  repeated  doses  of  glucagon 
or  by  partial  starvation.  Partial  starvation 
for  7  days  has  previously  been  shown  to  be 
associated  with  marked  hyperglucagonemia 
in  the  rat  (9).  After  7  days  of  partial  starva- 
tion or  5  days  of  6-hourly  glucagon  injec- 
tions, the  mean  villus  length  in  both  experi- 
mental groups  was  found  to  be  significantly 
reduced.  The  crypt-to-villus  ratio  was  unai- 


I 
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HOURS   AFTER   INJECTION 


Fig.  1 .  The  effect  of  exogenously  administered  glu- 
cagon on  serum  levels  of  the  hormone.  Fifty  micr^v 
grams  of  glucagon  were  injected  intraperitoneally. 
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tered  by  either  treatment  modality.  These 
data  are  presented  in  Table  I.  Further,  as 
shown  in  Fig.  2,  the  rate  of  cell  migration 
was  diminished  with  both  partial  starvation 
and  glucagon  treatment,  but  only  glucagon 
therapy  was  found  to  reduce  the  rate  of  cell 
migration  significantly  (p  <  0.01):  (b  =  7.8 
X  10-3  mm/hr),  compared  to  controls  (b  = 
13.6  X  10-3  mm/hr). 

Discussion.  Active  transport  of  amino 
acids  and  sugars  has  been  shown  to  be  aug- 
mented in  two  conditions  associated  with 
hyperglucagonemia  in  the  rat,  namely,  par- 
tial starvation  (9,  13)  and  diabetes  (10-12). 
Recent  studies  reported  from  this  labora- 
tory have  shown  that  chronic  administration 
of  glucagon  to  rats  will  also  increase  intes- 
tinal transport  of  amino  acids  and  sugars 
(14).  These  functional  alterations  seen  in 
association  with  hyperglucagonemia  might 
be  explained  by  a  morphologic  effect  of  the 
hormone  on  the  intestinal  mucosa. 

It  was  the  purpose  of  this  study  to  deter- 
mine whether  the  hyperglucagonemia  previ- 
.lusly  shown  to  be  associated  with  aug- 
mented intestinal  transport  might  also  be 
accompanied  by  altered  intestinal  morphol- 
ogy or  cell  migration  kinetics.  In  both  par- 
tially starved  and  glucagon-treated  animals 
the  mean  villus  length  was  found  to  be  sig- 
lificantly  reduced  when  compared  to  that  of 
:ontrols.  The  rate  of  cell  migration  was  di- 
minished by  both  partial  starvation  and  glu- 
:agon  treatment,  but  only  the  latter  was 
Found  to  reduce  the  rate  of  villus  cell  migra- 
tion significantly  compared  to  controls. 

These  observations  in  starved  animals  are 
n  accord  with  those  of  other  authors  (18- 
2 1 )  who  have  also  observed  decreased  villus 
leight  and  a  diminished  rate  of  cell  migra- 
:ion  in  starved  animals. 

Since  villus  height  is  decreased  with  both 
>emistarvation    and    glucagon    therapy,    it 


Fig.  2.  The  rate  of  cell  migration  in  control,  semi- 
starved,  and  glucagon-treated  rats.  The  rate  was  signifi- 
cantly decreased  in  glucagon-treated  animals  (p  < 
0.01).  The  difference  in  rate  was  not  significant  for 
semistarved  animals. 

might  be  argued  that  in  both  instances  the 
animals  probably  had  fewer  transporting 
cells  than  control  animals.  Despite  this,  tis- 
sues from  glucagon-treated  (14)  and  semi- 
starved  animals  (8,  12)  have  been  shown  to 
be  able  to  absorb  amino  acids  and  sugars 
more  effectively.  It  appears  from  Kinter's 
autoradiographs  (17)  that,  as  intestinal  epi- 
thelial cells  migrate  upward  on  the  villus  and 
become  more  mature,  they  become  progres- 
sively better  able  to  transport.  If  this  is  true, 
then  lengthening  the  residence  time  from 
crypt  to  villus  tip  might  result  in  a  popula- 
tion of  more  mature  cells  on  the  villus,  and 
therefore  increase  the  capacity  for  active 
transport  of  amino  acids.  A  decreased  rate 
of  cell  migration  was  observed  in  tissues 
from  semistarved  and  glucagon-treated  ani- 
mals. Glucagon-treated  animals  appeared  to 
have  a  slower  rate  of  cellular  migration  than 
do  semistarved  animals,  but  the  semistarved 
animals  showed  a  greater  stimulation  of 


TABLE  I.  The  Effect  of  Semistarvation  and  Glucagon  Treatment  on  Villus  Length  and  Crypt 

Depth. 


Control 

Semistarved 

Glucagon-treated 


Villus  length  in  mm 
Mean  ±  SD 


Crypt  depth  in  mm 
Mean  ±  SD 


Number  of 
animals 


Significance" 


0.75  ±  0.03 
0.66  ±  0.07 
0.61  ±  0.07 


0.19  ±  0.02 
0.16  ±  0.02 
0.16  ±  0.02 


15 
14 
14 


p  <  0.001 
p  <  0.001 


Note:  Villus  length  and  crypt  depth  were  decreased  by  semistarvation  and  glucagon  treatment. 
"  Significance  figures  apply  to  both  villus  and  crypt  measurements. 
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transport  function.  Therefore,  it  is  not  likely 
that  an  increased  villus  dwelling  time  alone 
could  account  for  the  increased  transport 
seen  in  these  two  conditions. 

The  morphologic  and  cell  migration  data 
presented  here  and  elsewhere  (18,  19)  raise 
some  important  questions  about  the  rela- 
tionship between  intestinal  cell  migration 
and  function.  The  technology  is  presently  at 
hand  to  examine  this  problem  further.  An 
altered  rate  of  intestinal  cell  migration  and 
turnover  can  now  be  studied,  and  transport 
can  be  quantified,  in  any  of  a  variety  of 
situations  (radiation,  starvation,  glucagon 
therapy,  sprue,  etc.).  In  this  way  it  may 
become  possible  to  examine  the  relationship 
between  cell  turnover,  migration  time,  and 
functional  parameters  of  the  intestinal  epi- 
thelium. 

Summary.  Male  Sprague-Dawley  rats 
were  either  treated  with  repeated  ip  injec- 
tions of  glucagon  every  6  hr  or  partially 
starved.  After  7  days  of  partial  starvation  or 
5  days  of  glucagon  injections,  a  time  period 
shown  previously  to  induce  increased  trans- 
port, all  animals  were  sacrificed  and  a  seg- 
ment of  jejunum  was  removed,  fixed  in  for- 
malin, sectioned,  and  dipped  in  Kodak 
NTB-2  liquid  emulsion.  After  8  weeks  of 
exposure  the  autoradiographs  were  devel- 
oped; assessments  of  villus  height  and  crypt 
depth  and  measurements  of  length  of  the 
column  of  exposed  grains  were  made  in  a 
calibrated  microscope.  The  mean  villus 
length  in  both  semistarved  and  glucagon- 
treated  groups  was  found  to  be  significantly 
reduced  {p  <  0.001)  when  compared  to 
control  animals.  The  crypt-to-villus  ratio 
was  found  to  be  unaltered  by  either  treat- 
ment modality.  The  rate  of  cell  migration 
was  diminished  by  both  partial  starvation 
and  glucagon  treatment,  but  only  glucagon 
therapy  was  found  to  cause  a  significant  {p 
<  0.01)  reduction  in  the  rate  of  cell  move- 
ment when  compared  to  controls. 


We  are  grateful  to  Dr.  A.  M.  Lawrence  for  perform- 
ing the  glucagon  assays. 
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esponse  to  a  sustained  glucose  stimu- 
le  isolated  perfused  rat  pancreas  se- 
insulin  in  a  diphasic  pattern  charac- 
1  by  an  initial  rapid  secretory  phase 
ed  by  a  decline  in  the  rate  of  secretion 
en  a  slowly  rising  rate  of  insulin  secre- 
1).  Hypophysectomy  alters  this  di- 
response  by  producing  a  marked  re- 
n  in  the  initial  secretory  response  and 
iction  that  is  not  so  striking  in  the 
I  or  rising  rate  of  insulin  secretion  (2). 
lent  of  hypophysectomized  rats  for  a 

of  2  weeks  with  BGH'  completely 
js  the  second  secretory  phase  to  nor- 
it  has  little  effect  upon  the  first  secre- 
iiase  (2).  The  amounts  of  BGH  used 
>e  experiments  was  500  /xg/day  and 
t  injection  was  given  the  day  prior  to 
on.  Subsequent  experiments  (Bennett 
irry,  unpublished  data)  indicated  that 
inimum  effective  dose  of  BGH  for 
ng  the  second  secretory  phase  was 
[imately  200  fig/day.  In  this  commu- 
n  we  report  the  comparative  effec- 
is  of  HCS  and  related  hormones 
,  PL-HGH,  and  OP)  in  restoring  the 
)ry  response  of  the  perfused  pan- 
rom  hypophysectomized  rats. 
mmental.  The  perfusion  technique 
ledium  were  those  previously  de- 
I  (1)  except  that  the  perfusion  me- 
:ontained  Mg^"*^  at  2.4  mequiv/liter. 
limals  used  were  male  rats  of  the 
le-Dawley  strain  weighing  approxi- 

300  g  at  the  time  of  hypophysec- 
Animals  were  hypophysectomized  by 
apharyngeal  approach  and  were  used 
imately  4  weeks  after  hypophysec- 


reviations:    BGH,   bovine   growth   hormone; 

iman  chorionic  somatomammotropin;  HGH. 

•ituitary  growth  hormone;  PL-HGH,  plasmin- 

human  pituitary  growth  hormone;  OP,  ovine 


tomy.  The  completeness  of  hypophysec- 
tomy was  checked  by  inspection  of  the  re- 
gion of  the  sella  using  a  binocular  micro- 
scope. All  hormones  were  given  ip  at  a  dose 
of  200  /xg/day  for  6  days  with  the  last,  or 
sixth,  injection  being  given  the  morning  of 
perfusion.  Animals  were  fasted  for  approxi- 
mately 20-24  hr  prior  to  having  their  pan- 
creases removed  for  perfusion.  The  isola- 
tion and  purification  of  HCS  (3,4),  HGH 
(5),  and  OP  (6)  have  been  described  previ- 
ously. PL-HGH  was  prepared  by  the  proce- 
dure of  Li  and  Graf  (7),  except  that  the  final 
product  was  purified  further  by  exclusion 
chromatography  on  Sephadex  G-lOO  in 
0.01  Af  NH4HCO3  of  pH  8.2.  Insulin  was 
determined  by  the  method  of  Grodsky  and 
Forsham  (8).  The  standard  glucose  stimulus 
(300  mg/dl)  was  started  after  a  10-min 
equilibration  period  and  continued  for  38 
min. 

Results  and  discussion.  Histological  stud- 
ies of  the  pancreases  were  not  done,  but  it  is 
significant  that  the  rats  treated  with  HGH 
showed  an  average  body  weight  gain  of 
about  5  g/day  as  did  those  treated  with  PL- 
HGH.  All  rats  treated  with  HCS  and  OP 
lost  small  amounts  of  body  weight. 

The  pertinent  data  from  these  experi- 
ments are  summarized  in  Table  \.  When 
one  compares  the  data  from  the  normal  con- 
trol animals  with  the  hypophysectomized 
control  animals,  it  is  clear  that  as  a  result  of 
hypophysectomy,  the  first  secretory  phase  is 
strikingly  reduced  {p  <  0.001)  and  the  sec- 
ond secretory  phase  also  shows  a  significant 
reduction  {p  <  0.01).  The  animals  pre- 
treated  with  HGH  do  not  show  significantly 
increased  insulin  release  during  the  first 
phase  compared  to  the  hypophysectomized 
controls,  but  the  first  phase  remains  signifi- 
cantly depressed  below  the  normal  controls. 
On  the  other  hand,  the  amount  of  insulin 
released  during  the  second  secretory  phase 
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TABLE  I.  In  Vitro  Secretion  of  Insulin  by  the  Pancreases  of  Hypophysectomized  Rats  Treated 
WITH  HCS,  HGH,  Plasmin-Modified  HGH,  and  Ovine  Prolactin. 


First  secretory  phase:  Min  2-6 

Second  secretory  phase: 

Mi 

n  25-40 

Pvs 

Fvs 

Insulin  release^ 

P  vs  normal 

Hypx 

Insulin  release^ 

P  vs  normal 

Hypx 

Experimental  groupP 

(Mg) 

control 

control 

(Mg) 

control 

control 

Normal  controls  (4) 

0.38  ±  0.03 

<0.001 

2.91  ±  0.19 

<0.01 

Hypx  controls  (7) 

0.13  ±  0.02 

<0.QO1 

1.86  ±  0.17 

<0.01 

Hypx  -1-  HGH  (7) 

0.23  ±  0.04 

<0.05 

NS 

2.62  ±  0.29 

NS 

<0.05 

Hypx  PL-HGH  (4) 

0.32  ±  0.08 

NS 

NS 

3.31  ±  0.44 

NS 

<0.02 

Hypx  +  HCS  (8) 

0.26  ±  0.05 

NS 

<0.05 

3.38  ±  0.35 

NS 

<0.01 

Hypx  +  OP  (4) 

0.17  ±  0.03 

<0.01 

NS 

2.41  ±  0.45 

NS 

NS 

"  Number  of  animals  in  parentheses. 
*  Mean  ±  SE. 


is  elevated  and  does  not  differ  significantly 
from  the  amount  secreted  by  the  normal 
controls  and  is  significantly  higher  than  the 
amount  secreted  by  the  hypophysectomized 
controls. 

PL-HGH  produces  an  even  more  striking 
restoration  of  the  ability  of  the  pancreas  to 
secrete  insulin  than  does  the  intact  HGH 
molecule.  The  total  insulin  released  during 
the  first  phase  is  almost  completely  restored 
but  there  was  large  variation  in  the  response 
and  a  small  number  of  animals  in  the  group. 
The  total  amount  of  insulin  released  during 
the  second  secretory  phase  is  restored  to 
that  of  the  normal  controls  and  is  signifi- 
cantly elevated  above  the  hypophysecto- 
mized controls. 

The  data  from  animals  pretreated  with 
HCS  exhibit  an  increased  insulin  release 
during  both  the  first  and  the  second  phase. 
In  both  instances  the  insulin  release  is  signif- 
icantly greater  than  that  shown  by  the  con- 
trol hypophysectomized  animals,  and  in  nei- 
ther case  is  it  significantly  different  from 
that  of  the  control  normal  animals.  In  strik- 
ing contrast  to  the  above  findings  is  the  lack 
of  effect  of  OP  on  the  first  phase  of  insulin 
release.  It  is  of  interest  that  larger  amounts 
of  OP  (5  mg/day)  do  produce  some  in- 
creased secretion  in  the  first  phase  and  also 
restore  the  second  phase  to  normal  (9). 

The  comparative  effectiveness  of  HCS, 
HGH,  and  OP  as  recorded  in  Table  I  is 
somewhat  surprising  in  view  of  their  pri- 
mary structures  and  biological  properties. 
HCS  is  a  potent  lactogenic  hormone  but  a 
weak  growth-promoting  agent  (3,  10,  11)  in 
comparison  with  HGH,  whereas  OP  is  the 
most  potent  lactogenic  hormone  and  is  prac- 


tically free  of  growth-promoting  activity  in 
the  rat  (12).  When  the  amino  acid  se- 
quences of  HCS  (13),  HGH  (14),  and  OP 
(6)  were  compared,  the  homology  between 
HGH  and  HCS  amounted  to  96%  and  the 
homology  between  HCS  and  OP  was  60% 
(15). 

The  effect  of  HCS  on  insulin  secretion  is 
in  accord  with  results  reported  by  Malaisse 
et  al.  (16)  who  used  pieces  of  pancreas  in  an 
in  vitro  system.  We  are  unaware  of  any 
reports  of  effects  of  PL-HGH  on  insulin 
secretion  but  this  material  has  been  re- 
ported to  be  an  active  diabetogenic  agent 
(17).  It  may  also  be  noted  that  the  growth- 
promoting  and  lactogenic  activities  of  HGH 
are  not  altered  by  hydrolysis  with  plasmin 

(7). 

There  is  good  evidence  that  GH  promotes 
insulin  synthesis  in  response  to  a  glucose 
stimulus  (18)  as  measured  by  incorporation 
of  radioactive  leucine  into  insulin.  On  the 
other  hand  under  the  condition  of  these  ex- 
periments, newly  synthesized  insulin  is  not 
necessarily  released  (19)  nor  does  our  ex- 
perimental design  permit  such  differentia- 
tions. What  these  experiments  do  demon- 
strate is  that  the  ability  of  these  four  related 
hormones  to  produce  bodily  weight  gain 
(presumably  involving  synthesis  of  somatic 
protein)  cannot  be  correlated  with  their 
ability  to  promote  insulin  secretion  in  re- 
sponse to  glucose.  This  ability  does  corre- 
late with  a  high  degree  of  homology  in  their 
amino  acid  sequences. 

Summary.  Hypophysectomized  rats  were 
treated  for  6  days  with  200  /Ltg  per  day  of 
either  human  chorionic  somatomammotro- 
pin, human  pituitary  growth  hormone,  plas- 
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min-modified  human  pituitary  growth  hor- 
mone, or  ovine  prolactin.  All  hormone 
preparations  except  ovine  prolactin  en- 
hanced the  ability  of  the  pancreases  of  hy- 
pophysectomized  rats  to  secrete  insulin  in 
the  isolated  pancreas  perfusion  system. 

These  studies  were  supported  in  part  by  the  Ameri- 
can Diabetes  Association,  the  American  Cancer  Soci- 
ety, and  U.S.  Public  Health  Service  Grants  No. 
AM-6097  and  No.  AM- 17668. 


1  .  Curry.  D.  L..  Bennett,  L.  L.,  and  Grcxisky,  G. 
M..  EndiKrinology  83,  572  (1968). 

2.  Curry,  D.  L.,  and  Bennett,  L.  L.,  Endocrinology 
93,602  (1973). 

3 .  Li.  C.  H.,  Ann.  Sclavo  Inst.  Siena  12,651  (1970). 

4.  Neri,  P..  Tarli.  P.,  and  Cocola,  F.,  Ital.  J.  Bitv 
chem.  19,  111  (1972). 

5.  Li,  C.  H..  Liu,  W.-K.,  and  Dixon,  J.  S.,  Arch. 
Biochem.  Biophys,  Suppl.  1,  327  (1962). 

6.  Li,  C.  H.,  Dixon,  J.  S.,  Lo,T.-B.,  Schmidt,  K.  D., 
and  Pankov,  Y.  A.,  Arch.  Biochem.  Biophys. 
141,  705  (1970). 

7.  Li,  C.  H..  and  Graf.  L.,  Proc.  Nat.  Acad.  Sci. 
USA  71,  1197(1974). 

8.  Grodsky,  G.  M.,  and  Forsham,  P.  H.,  J.  Clin. 


Invest.  39,  1071  (1960). 
9.  Curry.  D.  L.,  Bennett,  L.  L.,  and  Li.  C.  H.,  J. 
Endocrinol.  65,  245  (1975). 

10.  Josimovich,  J.  B.,  and  MacLaren,  J.  A.,  Endocri- 
nology 71,  209(1962). 

11.  Grumbach.  M.  M.,  Kaplan,  S.  C  Sciarra.  J.  J., 
and  Baarr.  1.  M..  Ann.  NY.  Acad.  Sci.  148,  501 
(1968). 

12.  Cole,  R.  D..  and  Li.  C.  H.,  J.  Biol.  Chem.  213, 
197  (1955). 

13.  Li,  C.  H..  Dixon.  J.  S..  and  Chung.  D.,  Arch. 
Biochem.  Biophys.  155,  95  (1973). 

14.  Li.  C.  H..  Proc.  Amcr.  Phil.  Soc.  116,  365  (1972). 

15.  Beulcy.  T.  A.,  and  Li.  C.  H.,  in  'Advances  in 
Enzymology"  (A.  Meislcr,  cd.).  Vol.  42.  p.  73. 
John  Wiley  and  Sons.  New  York  (1975). 

16.  Malaisse,  W.  J.,  Malaisse-Lagae.  F.,  Pacard,  C, 
and  Flament-Durand,  J..  Endocrinology  84,  41 
(1969). 

17.  Mills,  J.  B.,  Reagan,  C.  R.,  Rudman.  D..  Kostyo, 
J.  L.,  Zachariah,  P.,  and  Wilhelmi,  A.  E..  J.  Clin. 
Invest.  52,  2941  (1973). 

18.  Martin.  J.  M..  and  Gagliardino.  J.  J..  Nature 
(London)  213,630(1967). 

19.  Sando,  H.,  and  Grodsky.  G.  M..  Diabetes 22,  354 
(1973). 

Received  December  29,  1975.  P.S.E.B.M.  1976.  Vol. 
152. 


nOCEFMNGS  OF  IMt  SOOtn  FOt  EXPERIMENTAL  IIOLOGY  AND  MEDICINE  152,   284-287    (1976) 


Radioimmunoassay  of  Procollagen  in  Serum  of  Patients  with  Paget's 
Disease  of  Bone  (39380) 

MARK  B.  TAUBMAN,  SANDRA  KAMMERMAN,  and  BURTON  GOLDBERG 

Introduced  by  M.  E.  Lamm 

Departments  of  Pathology  and  Medicine.  Sew  York  University  Medical  Center,  550  First  Avenue,  Sen  York.  .VfH 

York  10016 


Tropocollagen  is  the  triple  helical  mole- 
cule which  aggregates  to  form  the  insoluble 
collagen  fibers  of  the  body.  Tropocollagen  is 
generated  by  the  enzymatic  conversion  of 
procollagen,  a  soluble  precursor  molecule 
secreted  into  the  extracellular  space.  The 
enzymatic  conversion  of  procollagen  entails 
the  excision  of  nonhelical  polypeptides  from 
the  ends  of  the  molecule  (1 ,  for  review).  At 
least  one  of  these  excisions  occurs  en  bloc  to 
release  a  disulfide-linked,  three  chain  frag- 
ment (2)  from  the  carboxyterminus  of  the 
precursor  (3-5).  In  contrast  to  triple  helical 
tropocollagen,  this  excised  fragment  lacks 
hydroxyproline  and  hydroxylysine,  has 
much  less  glycine  and  proline,  and  uniquely 
contains  tr\'ptophan  and  half-cvstine  resi- 
dues (6).    ' 

The  disulfide-linked  carboxyterminal 
fragment  of  human  procollagen  has  been 
isolated  and  purified  and  antibodies  specific 
for  it  developed  in  rabbits  (6,  7).  A  radioim- 
munoassay (RIA)  for  human  procollagen 
has  been  developed  w  hich  has  demonstrated 
the  antigen  to  be  present  in  human  sera  (8). 
We  now  report  that  the  RIA  demonstrates 
abnormally  high  concentrations  of  procolla- 
gen protein  in  the  sera  of  patients  with  Pa- 
get's disease  of  bone.  Moreover,  the  serum 
procollagen  concentrations  decrease  when 
the  patients  are  treated  with  disodium  etid- 
ronate (EHDP),  a  drug  known  to  produce 
biochemical  improvement  in  this  disorder 
(9.  10). 

Materials  and  methods.  Patients.  Thirty- 
one  male  and  19  female  patients,  ages  44- 
85,  with  Paget's  disease  of  bone  were  in- 
cluded in  this  study.  The  diagnosis  was 
based  on  characteristic  roentgenographic 
findings,  increased  uptake  of  radioisotope 
into  the  affected  bones,  and  elevated  serum 
alkaline  phosphatase  values.  None  of  the 
patients  had  received  any  therapy  for  Pa- 


get's disease  for  at  least  3  months  prior  to 
the  study.  None  of  the  patients  had  recent 
bone  fractures  or  significant  complicating 
illnesses.  Sera  were  obtained  prior  to  and 
after  3  months  of  therapy  w  ith  5-20  mg/kg, 
day  of  disodium  etidronate  (EHDP),  sup- 
plied by  Proctor  and  Gamble,  Co.,  Cincin- 
nati, Ohio.  A  detailed  clinical  analysis  of 
this  group  of  patients  will  be  reported  else- 
where. Informed  consent  for  the  study  was 
given  by  all  patients. 

The  patients  were  on  a  low  gelatin  diet 
when  serum  and  urine  samples  were  col- 
lected within  the  same  24-hr  period.  Serum 
alkaline  phosphatase  activity  was  measured 
by  a  modification  of  the  thymolphthalein 
monophosphate  method  of  Roy  (11;  normal 
range  13-41  units  per  liter).  Total  urinar> 
hydroxyproline  was  measured  by  the 
method  of  Kivirikko  et  al.  (12;  normal 
range,  9-45  mg/24  hr). 

Radioimmunoassay.  Assays  were  per- 
formed as  reported  (8)  except  that  radioac- 
tivity in  the  immune  precipitates  was  mea- 
sured in  a  gamma  spectrometer.  Sera  were 
tested  without  knowing  if  they  had  been 
drawn  before  or  after  drug  therapy.  Puri- 
fied, unlabeled  antigen  was  used  to  generate 
a  standard  calibration  curve  for  each  group 
of  sera  tested.  Percent  displacements  of  ra- 
dioactivity from  immune  precipitates  were 
plotted  against  the  log  of  the  nanograms  of 
standard  antigen  or  microliters  of  test  serum 
added.  Concentrations  of  procollagen  anti- 
gen in  sera  were  calculated  from  points  in 
the  linear  portion  of  the  displacement 
curves  (20-80%  range;  see  Fig.  1).  Inde- 
pendent assays  of  the  same  serum  sample 
gave  values  which  did  not  differ  by  more 
than  10%.  The  normal  range  for  procolla- 
gen protein  in  adult  serum  is  5-15  /utg/lOO 
ml. 

Results.  Figure  1  shows  the  typical  com- 
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Radioimmunoassay:  binding  displacement 
■  standard  antigen,  a  Pagct's  serum,  and  a 
rum. 

curves  obtained  when  increasing 
i  of  unlabeled  standard  antigen,  a 
ment  Paget's  serum,  and  a  normal 
rum,  compete  for  antibody  sites  int 
oimmunoassay.  Complete  displace- 
radioactivity  is  achieved  in  all  three 
s  and  the  slopes  of  the  three  curves 
itical  in  the  20-80%  displacement 
hese  data  support  the  view  that  nor- 
\  Paget's  sera  contain  a  molecule 
cally  identical  to  the  purified  procol- 
andard. 

les  of  serum  from  44  patients  were 
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j  elevation  above  normal.  Figures  2 
low  that  prior  to  treatment  the  in- 
n  urinary  hydroxyproline  and  serum 
phosphatase  activity  were  generally 
ite  with  the  increases  in  serum  pro- 

evated  serum  procollagen  concen- 
decreased  significantly  after  treat- 
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lowered  the  serum  alkaline  phosphatase  lev- 
els in  all  patients  (Fig.  3b),  but  in  only  seven 
instances  did  the  values  return  to  the  normal 
range.  On  the  average,  the  drug  caused  the 
pretreatment  values  for  procollagen,  uri- 
nary hydroxyproline,  and  alkaline  phospha- 
tase activity  to  decrease  by  74,  79,  and  67% 
respectively. 

The  average  procollagen  levels  determined 
for  six  patients  before  and  after  administra- 
tion of  a  placebo  for  3  months  were  58  and 
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Fig.  2.  Levels  of  serum  procollagen  and  urinary 
total  hydroxyproline  before  (a)  and  after  (b)  treatment 
with  disodium  etidronate.  Hydroxyproline  data  plotted 
as  multiples  of  the  upper  limit  of  the  normal  value. 
Results  for  44  patients  are  given.  Dotted  lines  define 
upper  limits  of  normal  for  each  variable. 
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3.   Levels  of  serum  procollagen  and  serum  al- 


kaline phosphatase  before  (a)  and  after  (b)  treatment 
with  disodium  etidronate.  Alkaline  phosphatase  data 
plotted  as  multiples  of  the  upper  limit  of  the  normal 
value.  Same  patient  group  as  in  Fig.  2.  Dotted  lines 
define  upper  limits  of  normal  for  each  variable. 
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53  /xg/100  ml,  respectively  (data  not  in- 
cluded in  Figs.  2-3). 

The  RIA  of  normal  serum  was  unaffected 
when  EHDP  was  added  to  the  assay  tubes  in 
concentrations  greatly  in  excess  of  those  oc- 
curring in  the  sera  of  patients  taking  the 
drug.  We  conclude  that  the  levels  of  EHDP 
in  the  serum  of  treated  patients  did  not 
interfere  in  the  assay  to  produce  artefac- 
tually  low  procollagen  values. 

Discussion.  When  the  procollagen  con- 
centrations determined  for  123  serum  sam- 
ples were  matched  with  the  record  of  treat- 
ment and  the  other  clinical  chemistries,  the 
following  correlations  attested  to  the  relia- 
bility and  usefulness  of  the  assay:  (i)  the 
procollagen  concentrations  in  multiple  pre- 
treatment  sera  from  a  given  patient  were  in 
good  agreement,  and  92%  of  such  sera  had 
significantly  elevated  concentrations  of  pro- 
collagen protein;  (ii)  significant  decreases  in 
procollagen  concentrations  were  recorded 
for  patients  receiving  EHDP,  whereas  the 
levels  remained  high  in  patients  given  a  pla- 
cebo; and  (iii)  the  procollagen  levels  before 
and  after  treatment  with  EHDP  were  coor- 
dinate with  the  values  for  urinary  total  hy- 
droxyproline  and  serum  alkaline  phospha- 
tase activity. 

Appropriate  measurements  demonstrate 
that  bone  resorption  and  synthesis  are  posi- 
tively correlated  in  Paget's  disease  but  that 
synthesis  may  lag  behind  resorption  (13). 
Urinary  hydroxyproline  as  measured  in  our 
study  includes  contributions  from  both  bone 
resorption  and  synthesis  (14-16).  We  there- 
fore cannot  decide  from  these  data  whether 
the  procollagen  levels  of  serum  are  only  a 
function  of  collagen  synthesis,  or  reflect  col- 
lagen resorption  as  well.  Although  the  me- 
tabolism of  procollagen  is  by  no  means  com- 
pletely defined,  we  favor  the  view  that  nei- 
ther the  intact  precursor  nor  the  antigenic 
fragment  excised  from  it  become  structural 
components  of  the  insoluble  matrix  of  bone . 
By  this  assumption,  resorption  of  the  matrix 
of  bone  in  Pagct's  disease  would  not  in- 
crease the  soluble  pool  of  procollagen  pro- 
tein, and  the  concentration  of  the  latter 
would  be  primarily  a  function  of  its  rate  of 
synthesis.  Studies  are  in  progress  to  clarify 
this  point.  Contributions  from  tissues  other 
than  bone  to  the  elevated  procollagen  levels 


in  Paget's  disease,  while  unlikely,  cannot  be 
excluded.  However,  the  data  as  repx)rted 
show  that  the  RIA  for  procollagen  in  serum 
reliably  reflects  the  changes  in  collagen  me- 
tabolism occurring  in  Paget's  disease  of 
bone.  We  anticipate  that  the  assay  may  be 
of  value  in  other  disorders  affecting  colla- 
genous tissues. 

Summary.  A  new  radioimmunoassay  for 
human  procollagen  showed  that  the  sera  of 
46  of  50  untreated  patients  with  Paget's 
disease  of  bone  contained  increased  concen- 
trations of  procollagen  protein  as  compared 
to  normal  adults.  After  therapy  with  diso- 
dium  etidronate,  all  the  elevated  serum  pRv 
collagen  concentrations  decreased  signifi- 
cantly, falling  to  normal  levels  in  33  of  40 
patients.  The  procollagen  levels  before  and 
after  treatment  were  coordinate  with  the 
values  for  urinary  total  hydroxyproline  and 
serum  alkaline  phosphatase  activity.  The 
data  show  that  the  radioimmunoassay  for 
procollagen  is  a  dependable  and  useful  ad- 
junct to  the  study  of  Paget's  disease  of  bone. 
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calorie 

cal 

nullimeter 

mm 
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milliosmole 
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coimts  per  minute 

cpm 

minute 

min 

cubic  centimeter 

cm» 

molal  (concentration) 

m 

Curie 

Ci 

molar  (concentration) 

M 

degree  Celsius  (Centigrade) 

.o 

mole 

spell  out 

degree  Fahrenheit 

op 

molecular  weight 

mol  wt 

diameter 

dia 

nanogram 

ng 

gram 

g 

nanometer 

nm 

hour 

hr 

normal  (concentration) 

A^ 

inch 

in. 

osmole 

Osm 

inside  diameter 

i.d. 

ounce 

oz 

intramuscular 

im 

outside  diameter 

o.d. 

intraperitoneal 

ip 

parts  per  million 

ppm 

intravenous 

iv 

percent 

r.' 

,0 

kilocalorie 

kcal 

picogram 

Pg 

kilogram 
liter 

kg 
spell  out 

revolutions  per  minute 

second 

specific  activity 

rpm 
sec 
sp  act 

meter 

m 

square  centimeter 

cm^ 

nucroliter 

Ml 

square  meter 

m» 

nucrometer 

Axm 

subcutaneous 

sc 

milligram 

mg 

volt 

V 

milliliter 

ml 

volume 

vol 
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Why  the 
better  animal 
costs  less. 


Ahah,  you  say!  Now  I've  finally  got  them.       Everyone  knows  that  you 
pay  a  litttle  more  for  Charles  Riveranimals.  How  can  they  cost  less? 
,  Simple.       They're  the  highest  quality,  most  uniformly-respondinj 
animal  you  can  buy.  Thus,  you  can  depend  on  each  and  every  one  of  them 
Which  means  fewer  animals  for  the  most  valid  of  results.  With  less  repeat 
testingandpe/'so/7/?oi//'  expense  for  you.       At  Charles  River,  our  reputation 
rests  with  our  animals.  Germfree  rats  and  mice.  COBS*  rats,  mice,  guinea  pigs 
and  rabbits.  And  the  healthiest  hamsters  and  primates  available  anywhere.  With  your 
satisfaction  guaranteed.       Charles  River  Breeding  laboratories: 
» 28  years  of  breeding  expertise  and  16,000,000  animals  a  year  from 
Ifaci  I  it  ies  throughout  the  United  States,  Canada, 
France,  England,  Italy  and  Japan.  Contact  us  at  251  Ballardvale  St., 
Wilmington,  Massachusetts  01887  (tel:  617-658-3333).  We'll 
respond  with  the  type  of  animals  your  research  demands. 


^  ^frto 


iFromtha 
Handorttw 


Charles  River: 

Don't  settle  for  less 

than  the  best. 
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The  extensive 

NYEGAARD 

pioduct  line  for 
centrifugcrtion 
studies  is  now 
civaiial3ie  in 

ttie  USA  from 
ACCURATE. 


Featuring: 

•  Zonal  centrifugation 

•  Isopycnic  banding 

•  Density  gradient 
centrifugation 

•  Low-speed 
centrifugation 

•  Sedimentation/ 
flotation  at  Ig. 


Sodium  metrlzoate 

For  isolation  of  leuco- 
cytes, thrombocytes,  and 
other  whole  cells  by 
flotation  and  gradient 
centrifugation.  Available  as 
32.8%  (0-  1.200g/ml)  and 
75%  solution  of  SODIUM 
METRIZOATE. 

Meglumine  metrizoate 

For  discontinuous  and  linear 
gradients  in  the  isolation  of 
bacteria,  bacterial  spores,  viruses, 
spermatozoa  as  well  as  subcellular 
organelles.  Available  as  76% 
(contaming  10%  sodium  salt)  solution 
of  MEGLUMINE  METRIZOATE. 

Lymphoprep  " 

For  preparation  of  pure  lymphocyte 
suspensions  in  tissue  typing,  anti- 
lymphocyte  sera  production  and 
immunological  research.  A  ready-made 
mixture  of  SODIUM  METRIZOATE  and 
FICOLL-'  with  density  1.077r  0.001  g/ml. 
From  Pharmacia  Fine  Chemicals. 

Metrizamide 

A  non-ionic,  inert  and  easily  water  soluble 
compound  forming  dense  solutions  of  low 
viscosity.  For  gradient  isolation  of  cells,  viruses, 
subcellular  particle?  and  for  isopyncnic  bantling 
of  biological  macro- molecules  Available  as  dry 
substance  in  packages  of  SOg 

Mail  coupon  for  FREE  samples  and  literature  to: 

/ACCURATE  CHEMCAL  & 
SCIENTIFIC  CORPORA7KDN 

Th«  North  Anwrican  diairlbulor  lor  NVEGAAftO 

28  Tec  Street. 

Hick^vHle   N  Y    liatH 
Tel    f5l6)  433-4900 
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OUR 

SEMI-CENTENNIAL 

RAT 

Half  a  century  ago,  after  extensive  genetic  selection  at  Sprague-Dawley 
Laboratories,  today's  standard  laboratory  rat  for  biomedical  research  was 
developed  —  the  Sprague-Dawley  outbred  albino  rat. 

The  colony  was  then  closed  to  outside  breeding  stock  and  is  still  in  our  exclusive 
possession.  The  Sprague-Dawley  colony's  diet  was  formulated  and  is 
manufactured  in  our  own  production  feed  mill.  The  formula  tor  this  exclusive 
diet  has  not  been  changed  for  38  years.  Our  Semi-Centennial  Rat  today  is  the 
same  vigorous,  healthy,  docile  animal  it  has  been  for  the  past  50  years.  For 
half  a  century  Sprague-Dawley  Laboratories  have  supplied  the  scientist  with 
the  rat  that  offers  optimum  continuity,  uniformity  and  reproducibility  in 
experimental  results. 

For  more  information  on  any  of  our  many  strains  of  rats,  mice  and  hamsters, 
talk  to  your  local  ARS/Sprague-Dawley  technical  representative.  Or  contact 
ARS/Sprague-Dawley,  P.O.  Box  4220.  Madison.  Wisconsin  53711.  Phone 
(608)221-2211. 
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make  them  faster,  easier, 
without  waste . . . 
with  two  new  kits  from  GIBCO 

Workers  ir^  lipid  ar  membrane  research  are  becoming  aware  of  liposomes  as  an  important 
new  TOoL  Formed  spontaneously  in  certain  lecithin-ctiotesterol  solutions,  liposomes  are 
tight  glot^utar  rr^asses,  many  layers  thick,  (hat  resemble  membrane  structures.  Aqueous 
channels  between  the  fayers  are  widened  by  the  mutuary  repellent  action  oi  electrically 
charged  molecules  introduced  mto  the  layers^  The  channels  trap  whatever  ionic  species 
was  dissolved  m  the  aqueous  phase  at  their  formation.  Removal  of  any  untrapped  ions  or 
markers  by  dialysis  or  gel  filtration  allows  measuring  the  mte  of  leakage  of  sequestered  ions. 

Studies  indicate  hposomes  are  entirely  analogous  to  cells  and  organelles  tn  regard  to  ion 
fJux.  Also,  liposomes  are  used  to  determine  the  modes  of  action  of  toxins,  drugs,  hormones 
and  anaesthetics  Recently  it  was  shown  that  lysosomes  wiN  take  up  some  50  times  as  much 
of  sn  enzyme  when  it  is  trapped  in  liposomes  than  when  n  ts  "free". 

Each  of  the  exclusive  new  Gibco  kits  makes  enough  liposomes  for  a  limited  period  of 
work.  The  ingredients  are  supplied  in  sealed  ampoules  in  exactly  the  proper  proportions. 
There  is  no  waste.  One  kit  forms  positively  charged  liposomes,  one  negative. 


Positive  Liposome  Kit  (POSL) 

Catalog  No  800200 

Reagent  Contertt 
egg  lecithin  '  63^nioles 
^tesrylamine  Id^moles 
choiesterol        S^^moles 

Negative  Liposome  Kit  (NEGL) 

Catalog  No  8Q0300 

Reagent  Contents 
egg  lecithin  *         63^moles 
dicetyl  phosphate  1  S^moles 
cholesterol  9^moles 

'defined  purity 
Price  Lilt 


Catalog 
No. 

Unit 

1-4 

i'19 

800200 
30030D 

Kit  (Sml) 
Kit  (6ml) 

10  00 
10  00 

950 
950 

Untt   Pric« 

20  or 

more 
900 
9.00 


Cod* 

POSL 

{FOSL  ami  NEGL  kits  m»v  b«  comt>in«d  to  make 
ouantfty  pnces) 

Referen^ett 

Wtiumann.  G  .  vi  H..  Proe,  N*i,  Aetd  Sci  USA.  72  99-92 

S«u».  G   i  Wsuininn  G    J  Siol  Chtm  245  3ZBS  3301 

(1970}. 
WeiK«inanrt  G  ,erind,  A  ftFrinklln..  E  C ,  J  Clio  1nv«l,  6J 

S3e^M3(1974) 

a  b  Aiti.  G  A    Matur*  Z*0  1 67  1 72  (1  »77] 


HYOROGENATIO  EGG  LECITHIN  PRICE 
REDUCED  TO  $45,00  PEH  GRAAi 

RernarkaNe  price  reduchOfi  made  possible  by 
new  batching  process.  Defined!  highest  purity 
assured  by  thin -layer  c^rometography  anal- 
ysis. Suggested  uses :  as  a  lecithrn  standard* 
as  a  substrate  for  iha  en^ymas  phospho^ipase 
At.  A;,  C,  and  0 

DEFINEO  PURITY  PHOSPHOLIPIDS 

The  Git}co  catalogue  lists  24  defined- purity 
phospholipids  of  absolutely  unsurpassed 
quality.  Detailed  specifications  are  gvlen.  Also 
listed  are  1 3  phospholipids  of  lesser  pedigree, 
plus  seven  Coenzyme  A  derivatives  of  satii- 
fated  and  unsaturated  fatty  acids.  Ask  for  your 
c dialogue  today 


THESE  PRODUCTS  ARE  FOR  *NVESTU 
GATIVE  PURPOSES  ONLY- NOT  FOR 
*N  VITRO  DIAGNOSTIC  USE. 


Grand  Island  Biological  Co.^  3176 
Staley  Hd.,  Grand  Island,  New  York 
14072,  Phone  (716)  773-7616  Western 
Sranch:  S19  Aldo  Ave,  Santa  Clara. 
California  9&a&0   Phone  {408)  247-9946. 


THE  TACONIC  FARMS 
MOUSE  SCALE 

EASY  TO  READ.  CARRY  AND  USE 


For  weigliing  mice,  d^ets  and  otlier 
materials  up  to  40  grams 

PRICE  SZ6  00  (Plus  Postage) 
Order  directly  from 

TACONIC  FARMS.  INC. 

Germantowfi   New  York  12526 
Phone  [SIB)  B37  6208 


MINIPULS 

PERISTALTIC  PUMPS 

miniature  pumps 
with  superior  performance 


•  Continuous  flow  atfjustment  t-TIIIQ  inl/hr. 

•  Djfital  ipeed  control 

•  Tubinf  can  be  replacsd  while  motor  h  runnint 

•  Very  low  pulsation 

Available  in  1%  4-<  8-  and  t6-chanfiel  models 

Cfilt  or  wnt«  DflpI    EBM 


Gilson  Medical  Electronics.  Inc. 

BOX   27,   WIODLETON.    WIS    53562  •    608^fi36  15S1 
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ing  an  hemagglutination  inhibition 
od  (HAI)  and  isolated  capsular  anti- 
a  subgroup  determinant,  Ci+,  was 
)nstrated  in  the  polysaccharides  of  26 
)  Group  C  meningococcal  strains  (1). 
saccharides  containing  the  subgroup  de- 
nant  were  resistant  to  digestion  by 
iminidase,  0.1  unit  per  milligram  of 
en,  whereas  those  which  lacked  the  de- 
inant,  designated  C,_,  were  rapidly  de- 
ed by  the  same  concentration  of  en- 
.  In  this  report  is  described  an  indirect 
mofluorescent  antibody  test  system 
)  specific  for  the  subgroup  determinant 
permitting  the  separation  of  intact 
p  C  meningococci  into  C,+  and  C,_ 
oups. 

iterials  and  methods.  Cultures.  Two  col- 
)ns  of  Group  C  meningococcal  strains 
studied  with  the  IFA  subgroup  system: 

0  strains  previously  studied  with  the 
method  (1),  and  (ii)  196  strains  from 

:ollection  of  one  author  (HAF).  The 
•  were  categorized  only  by  IFA.  The 
diazine  sensitivity  patterns  of  121  of 
96  strains  were  determined  (2).  All 
IS  were  preserved  lyophilized  in  Muel- 
linton  broth  or  in  defibrinated  rabbit 

1  at  -70^ 

H  preparation.  Cultures  were  reconsti- 
on  tryptose  blood  agar  plates  and  in- 

:ed  overnight  at  SS''  under  5%  CO2. 

jria  were  removed  from  the  agar  me- 
with  loops  and  washed  twice  in  phos- 

:-buffered  saline,  pH  7.2  (PBS).  They 

resuspended  in  the  same  diluent  at  an 


pported  by  Grant  No.  5-ROl-AI-l 023604  from 
itional  Institute  of  Allergy  and  Infectious  Dis- 
M.A.A.).  and  U.S.  Army  Medical  Research  and 
>pment  Command  Contract  No.  DAMD 17-74- 
8  (H.A.F.).  Dr.  Apicella  is  a  recipient  of  USPHS 
xh  Career  Development  Award  No.  5-K04-AI- 
02. 


optical  density  of  0.20  at  660  nm  and  ap- 
proximately 10  lambda  of  each  suspension 
were  placed  on  glass  slides,  spread,  and  air- 
dried.  All  were  studied  on  the  day  that  the 
slides  were  prepared. 

Subgroup  test.  Antiserum  20  produced  in 
rabbits  by  immunization  with  a  Ci+  polysac- 
charide (3)  and  previously  shown  to  contain 
antibodies  to  the  subgroup  determinant  (1), 
was  used  as  the  unconjugated  serum.  This 
antiserum  had  been  exhaustively  absorbed 
with  mouse  liver  powder  and  Group  C  men- 
ingococcal strains  lacking  the  subgroup  de- 
terminant by  HAI.  A  sheep-anti-rabbit  im- 
munoglobulin antiserum  was  conjugated 
with  fluorescein  by  the  method  of  Clark  and 
Sheppard  (4);  its  flp  ratio  was  between  3 
and  4.  Slides  were  read  on  an  American 
Optical  series  10  Microstar  microscope  with 
a  Fluorolume  illuminator  using  695  (Com- 
ing 5113)  excitor  and  Schott  OG-1  barrier 
filters.  Positive  and  negative  fluorescent 
staining  were  judged  independently  be  two 
observers.  HAI  tests  specific  for  Group  C 
and  subgroup  determinants  and  neuramini- 
dase digestions  were  performed  as  previ- 
ously described  (1).  Capsular  antigens  for 
use  as  inhibitors  of  this  system  were  pre- 
pared by  the  method  of  Robinson  and  Api- 
cella (3). 

Results.  Initial  studies  with  the  subgroup 
IFA  system  were  performed  on  the  20 
Group  C  meningococcal  strains  which  previ- 
ously had  been  analyzed  for  the  subgroup 
determinant  by  the  HAI  method.  The  16 
cultures  which  were  C^.  in  this  system  also 
were  positive  by  IFA,  while  the  four  C,_ 
strains  were  negative  by  IFA.  Among  the 
second  collection  of  196  Group  C  menin- 
gococcal strains,  143  (73%)  were  IFA  posi- 
tive and  48  (24.5%)  were  negative.  The 
remaining  5  (2.5%)  cultures  were  both 
subgroup  negative  and  positive.  After  re- 
plating,   10  single  colonies  were  selected 
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from  each  for  study  by  IFA.  This  time  all 
were  either  subgroup  positive  or  negative 
and  not  mixed  as  their  parent  cultures  had 
been.  In  addition.  Group  C  polysaccharides 
isolated  from  negative  and  positive  colonies 
from  the  mixed  cultures  had  the  C,+  deter- 
minant only  on  the  IFA  positive  subculture 
and  not  on  the  IFA  negative  one. 

Further  confirmation  of  the  reliability  of 
the  IFA  method  was  obtained  from  the  fol- 
lowing experiment.  Polysaccharides  isolated 
from  5  Group  C,  Ci+  and  5  C,_  strains  were 
analyzed  for  the  subgroup  determinant  by 
HAI  and  their  susceptibiHties  to  neuramini- 
dase determined.  All  strains  identified  as 
C,+  by  IFA  contained  the  subgroup  deter- 
minant by  HAI  and  were  resistant  to  diges- 
tion by  neuraminidase  while  the  5  C,_ 
strains  lacked  the  determinant  and  were 
readily  digested  by  the  enzyme  (Table  1 ). 

The  distribution  of  C,+  and  C,_  strains 
appears  to  be  unrelated  to  geography. 
Among  147  isolates  from  civilian  and  mili- 
tary sources  in  the  continental  United 
States,  110  (75%)  were  Ci+  and  37  (25%) 
were  Ci_.  Of  an  additional  41  strains  from 
five  foreign  countries  on  four  continents,  32 
(78%)  were  C,+  and  9  (22%)  were  C,_. 

Among  the  196  strains,  15  were  isolated 
from  the  nasopharynges  of  members  of 
seven  families  with  one  or  more  cases.  In 
these  seven  families,  both  case  and  carrier 
cultures  were  C^.  except  for  one  family  with 
two  cases.  The  isolate  from  one  child  was 


TABLE  I.  Neuraminidase  Sensitivities  of 
Polysaccharides  of  Meningococcal  Group  C 
Subgroups  Detected  by  IFA  and  HAI  Tests. 


TABLE  IL  Comparative  Frequenoes  of 

Subgroup  Determinant  in  Strains  Isolated 

FROM  Cases  and  Carriers. 


Subgroup 

Serogroup  C 
(HAir 

Culture 

HAI  (/ig/ 

Before 

After 

number 

IFA 

ml) 

(/ig/ml) 

(/ig/ml) 

88 

-H 

8.0 

16.0 

4.0 

215 

+ 

4.0 

4.0 

8.0 

252 

+ 

8.0 

16.0 

16.0 

54 

-H 

2.0 

1.0 

2.0 

78 

-1- 

16.0 

4.0 

4.0 

101 

- 

>1000* 

16.0 

>1000 

194 

- 

>1000 

4.0 

>1000 

125 

- 

>1000 

2.0 

>1000 

144 

- 

>1000 

8.0 

>1000 

53 

- 

>1000 

16.0 

>1000 

Cases- 

Carrier^ 

C,         Sample 
subgroup  number 

Num- 
ber         % 

Num- 
ber         % 

+             132 

34 

Totals         166 

97          73 

31           91 

128          77 

35           27 

3            9 

38           23 

**  Before  and  after  the  digestion  of  1  mg  of  polysac- 
charide with  0.1  unit  neuraminidase  for  16  hr. 
No  inhibition  at  1000  /ig/ml. 


"  Spinal  fluid,  blood,  joint,  or  eye. 
*  Nasopharynx,  throat,  sputum,  or  cervix,  (x*  = 
4.795, p  =  0.05  >p  >  0.025.) 

Ci+  and  from  the  other  was  C,_.  In  three 
other  groupings  of  two  cases  each  (appar- 
ently hospital-related),  two  pairs  were  both 
C,_  and  the  third  was  Cn..  All  of  these 
family  and  hospital  groupings  were  of  civil- 
ian origin.  Multiple  isolates  from  military 
cases  and  carriers  were  Ci+  as  were  the 
carriers  in  a  population  of  "normal"  families 
(5). 

The  sites  of  origin  of  study  strains  were 
available  from  164  different  individuals  (Ta- 
ble II).  Ci-  strains  were  more  often  associ- 
ated with  clinical  disease  than  were  C^ 
strains  (x^  =  4.795,  p  =  0.05  >p>  0.025). 
No  statistically  significant  differences  were 
found  between  susceptibility  to  sulfadiazine 
and  subgroup  type  in  121  case  strains  (x"  = 
2.207, p  =  0.25  >p>  0.10). 

Discussion.  Two  systems  for  separating 
Group  C  meningococci  into  different 
subgroups  have  been  reported.  Gold  and 
Wyle,  using  a  bactericidal  antibody  assay 
directed  against  noncapsular  cell  wall  fac- 
tors, defined  six  serotypes.  There  seemed  to 
be  an  association  between  increased  attack 
rates  (virulence)  and  resistance  to  sulfadi- 
azine for  serotype  2  (6).  Counts  et  al.  (7) 
described  a  typing  system  for  Group  B  and 
C  meningococci  based  upon  the  action  of 
meningocidins.  They  identified  11  types 
with  the  majority  being  of  type  1 . 

The  subgrouping  system  described  in  this 
report  utilizes  IFA  to  identify  a  subgroup 
determinant  present  on  the  C  polysaccha- 
ride. The  results  obtained  with  this  system 
indicate  that  this  determinant  geographi- 
cally is  widely  distributed.  The  presence  or 
absence  of  the  determinant  and  the  strain's 
sulfadiazine  sensitivity  characteristics  are 
unrelated.  Our  experience  suggests  that  Q- 
strains  are  associated  with  clinical  disease  to 
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lificantly  greater  degree  than  are  those 
:+ .  Whether  this  is  related  to  virulence 
fleets  a  sampling  error  remains  to  be 
mined. 

e  IFA  method  for  subgroup  detection 
pid  and  may  be  useful  epidemiologi- 
.  For  the  latter,  as  described  herein,  it 
be  of  value  in  defining  potential  menin- 
geal contact  clusters.  Thus,  application 
2  subgroup  IFA  procedure  may  help  to 
ify  the  route  of  transmission  of  Group 
ningococci  in  outbreaks  and  in  popula- 
:arrier  surveys.  It  also  may  have  some 

in  the  selection  of  strains  for  vaccine 
action. 

nmary.  The  presence  or  absence  of  a 
ngococcal  Group  C  subgroup  antigen 

can  be  detected  by  immunofluores- 
:  as  readily  as  by  a  previously  reported 
gglutination-inhibition  method.  When 
ared  in  strains  isolated  from  cases  and 
rs,  subgroup  negative  (Ci_)  strains 
*d  to  occur  more  often  in  cases.  The 


subgroup  antigen  is  widely  distributed  geo- 
graphically. The  characterization  of  menin- 
gococci by  its  presence  or  absence  may  be  of 
value  in  epidemiological  studies. 
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Effect  of  Fasting  and  Ileal  Resection  on  the  Concentration  of  Deoxycholic  Acid  in  Rat 

Portal  Blood'  (39382) 

S.  BARNES,  B.  H.  BILLING,  and  J.  S.  MORRIS'' 

Department  of  Medicine,  Royal  Free  Hospital,  Hampstead,  London  NW3,  United  Kingdom 


Despite  the  development  of  interest  in 
the  enterohepatic  circulation  of  bile  acids, 
little  is  known  about  their  composition  in 
portal  blood.  Most  information  has  come 
from  studies  on  rats  (1-3)  in  whom  cholic 
acid  is  the  predominant  bile  acid.  The 
amounts  of  other  bile  acids  appear  to  vary 
considerably,  there  being  a  30-fold  differ- 
ence in  concentration  of  deoxycholic  acid  in 
studies  (2)  and  (3).  Although  this  could  be 
partly  explained  by  the  different  strains  of 
animals  used,  it  is  also  possible  that  feeding 
may  have  had  an  effect. 

This  study  has  been  designed  to  investi- 
gate the  effect  of  starvation  on  the  composi- 
tion and  concentration  of  portal  blood  bile 
acids.  Since  the  distal  small  intestine  is  the 
main  site  of  active  transport  of  bile  acids 
(4),  the  effect  of  small  bowel  surgery  on  the 
"secondary"  bile  acids  formed  by  bacteria  in 
the  gut  has  been  examined. 

Methods.  Male  and  female  Sprague-Daw- 
ley  rats  (250-300  g)  were  used.  When  re- 
quired, portal  blood  (2-3  ml)  was  with- 
drawn from  the  superior  mesenteric  vein 
after  ligation  of  the  portal  vein  under  ether 
anesthesia. 

In  the  study  of  the  effect  of  fasting,  poly- 
ethylene cannulas  (PP20,  Portex  Ltd., 
Kent,  U.K.)  were  introduced  into  the 
splenic  vein  [similar  to  method  A  of  Gallo- 
Torres  and  Ludorf  (5)]  and  into  the  bile 
duct  under  pentobarbitone  anesthesia  im- 
mediately prior  to  the  study.  Purified  [24- 
^K^]deoxycholic  acid  (52  /xCi//xmole.  Radio- 
chemical Centre,  Amersham,  U.K.)  (con- 
taining less  than  0.4%  as  cholic  acid)  was 
then  administered  by  two  routes  to  rats 
which  were  either  fasted  (20  hr)  or  allowed 
to  feed  ad  libitum.  In  the  first  experiment, 

'  Supported  by  a  grant  from  the  Medical  Research 
Council. 

*  Present    address:    Bridgend    General    Hospital, 
end,  Glamorgan,  U.K. 


12  nmole  were  infused  in  isotonic  saline  (S3 
/Lil/min)  over  a  30-min  period  into  the  supe- 
rior mesenteric  vein.  Bile  was  collected  for 
5-min  periods  during  the  infusion  and  then 
for  a  further  10  min.  In  the  second  experi- 
ment, a  needle  was  positioned  in  the  duo- 
denum via  the  pylorus  and  [24-'^C]deoxy- 
cholic  acid  (24  nmole,  0.5  /LtCi,  in  saline) 
was  injected  as  a  bolus.  Bile  was  collected 
for  5  hr,  the  animals  being  maintained 
under  light  pentobarbitone  anesthesia. 

In  the  study  of  intestinal  resection  animals 
were  operated  on  under  ether  anesthesia.  A 
laparotomy  was  performed  in  control  ani- 
mals and  their  intestines  were  divided  and 
resutured.  Distal  ileal  resections  (20  and  50 
cm)  were  performed  1  cm  from  the  ileal 
caecal  valve,  end-to-end  anastomosis  being 
used  to  restore  intestinal  continuity.  Ani- 
mals were  allowed  to  feed  ad  libitum  on  a 
standard  laboratory  diet  postoperatively 
and  portal  blood  was  sampled  7  days  later, 
between  9:00  and  10:00  am.  Control  ani- 
mals gained  weight  (mean  11%)  over  the  7- 
day  period  whereas  animals  in  the  experi- 
mental groups  all  lost  weight:  20-cm  ileal 
resection  (5%),  50-cm  ileal  resection  (9%), 
and  right  hemicolectomy  combined  with  20- 
cm  ileal  resection  (22%). 

Isolation  of  bile  acids.  Bile  acids  in  serum 
(0.2-1 .0  ml)  and  bile  (50-100  /llI)  were  iso- 
lated by  liquid  solid  extraction  using  the 
resin  XAD-7  (Rohm  &  Haas  Ltd.,  Croy- 
don, Surrey,  U.K.)  in  a  similar  manner  to 
that  described  for  XAD-2  (6)  except  that 
0.004  M  sodium  hydroxide  was  used  to 
wash  the  resin  since  water  alone  caused  elu- 
tion  of  bile  acids. 

Analysis  of  biles.  The  bile  acids  were  sep- 
arated by  tic  before  and  after  hydrolysis 
with  cholyl  glycine  hydrolase  (7).  The  sol- 
vent systems  used  were  chloroform  :metha- 
nol:acetic  acid:water  (65:20:10:5,  v/v)  (8) 
for  the  conjugated  bile  acids,  and  2,2,4- 
trimethylpentane  :di-isopropyl    ether:acetic 
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3pan-2-ol   (2:1:1:0.4,  v/v)  for  the 
igated  bile  acids.  The  bile  acids  were 

by  spraying  with  iodine  which  was 
ibiimed.  The  marked  zones  were 
I  into  scintillation  vials  and  0.5  ml  of 
ol  was  added  to  elute  the  bile  acids 
d  by  10  ml  of  a  scintillation  cocktail 
imes  of  toluene,  containing  2.5  di- 
)xazole  4  g/liter  and  1,4  di-2-(5 
)xazolyl)  benzene  0.05  g/liter,  and  1 

Triton  X-100].  The  positions  of  the 
ial   bile   acids   were   confirmed   by 
g  a  separate  track  with  1  M  sulphuric 
d  heating  to  120**  for  15  min. 
ysis  of  sera.  A  portion  of  the  initial 

was  acidified  (pH  1)  with  6  M  hy- 
)ric  acid  and  extracted  three  times 
ethyl  ether  (3  volumes)  in  order  to 
e  the  unconjugated  bile  acids.  The 
ile  acids  (conjugated  and  unconju- 
were  examined  by  deconjugation  of  a 

portion  of  the  initial  extract  with 
lycine  hydrolase  (7).  The  resulting 
igated  bile  acids  were  converted  to 
lethyl  esters  by  treatment  overnight 
lethanol  containing  acetyl  chloride 

v/v).  After  addition  of  internal 
d,  5a-cholestane,  the  methyl  esters 
eated  with  pyridine,  hexamethyldi- 
^  and  trimethylchlorosilane  (9:3:2, 
)  to  form  their  O-trimethylsilyl  ether 
ives.  These  were  purified  after  dilu- 
th  /i-hexane  (1  ml)  by  washing  with 
1  ml)  to  remove  pyridine  and  excess 
ig  reagent.  Gas  chromatography  was 

out  in  a  5-ft  x   V4-in.  O.D.  glass 

containing  1%  Hieff-8BP  on  Gas 
Q  (100-120  mesh)  (Applied  Science 
tories.  State  College,  Pennsylvania) 

with  a  nitrogen  flow  rate  of  60  ml/ 
election  was  by  flame  ionization  and 
ative  data  obtained  by  comparison  of 
leight  ratio  to  5a-cholestane  with 
ds.  Recoveries  through  this  proce- 
jre  checked  by  the  addition  of  known 
s  of  glycine  and  taurine  conjugates 

bile  acid  (10  and  50  nmole)  to  bile 
e  serum  for  every  analysis  and  an 
riate  correction  made.  They  were 
to  vary  between  75-85%  for  di-  and 
)xy  bile  acid  conjugates  and  55-65% 
^cholyl  conjugates.  Recovery  of  the 
Igated  bile  acids  present  in  serum 


was  greater  than  95%.  The  sum  of  the  indi- 
vidual bile  acid  concentrations  has  been  re- 
ported as  the  total  bile  acid  concentration. 

Bile  acids  isolated  from  the  serum  from 
portal  blood  were  dissolved  in  chloro- 
form:methanol  (1:1,  v/v)  and  analyzed  by 
tic  using  the  system  2-methylbutyl  acetate: 
propanoic  acid :propan-l-ol: water  (4:3:2:1, 
v/v)  (10)  in  order  to  examine  the  state  of 
conjugation.  Bile  acids  were  located  by 
spraying  with  1  M  sulphuric  acid  heating  at 
120®  for  15  min  and  viewing  the  fluores- 
cence generated  by  exposure  to  354-nm 
light. 

Liver  histology  was  examined  by  light  mi- 
croscopy. The  pathologist  had  no  previous 
knowledge  of  the  type  of  operation  that  had 
been  performed. 

Results.  Fasting  (20  hr)  led  to  no  signifi- 
cant change  in  the  total  concentration  of 
serum  bile  acids  in  portal  blood  (150.8  ± 
20.4  ^  193.6  ±  24.9  fiM)  in  male  animals. 
There  was,  however,  a  sharp  rise  in  the 
deoxycholic  acid  concentration  (7.7  ±  2.1 
^  26.9  ±  4.0  /xjW,  p  <  0.005):  this  increase 
was  reflected  mainly  in  changes  in  the  con- 
centration of  conjugated  deoxycholic  acid 
(Table  1). 

To  ascertain  whether  the  increase  in  de- 
oxycholic acid  was  due  to  a  failure  in  7af- 
hydroxylation  by  the  liver  [24-*^C]deoxy- 
cholic  acid  was  infused  into  the  superior 
mesenteric  vein  and  bile  collected.  A  total 
of  85%  of  the  administered  isotope  was  re- 
covered in  the  bile  of  both  fed  and  fasted 
animals  within  the  period  (40  min)  of  the 
experiment.  Additional  experiments  were 
performed  in  which  the  isotope  was  injected 
into  the  upper  small  intestine.  Recoveries  of 
greater  than  80%  of  the  administered  radio- 
activity in  the  bile  occurred  within  5  hr. 

Analysis  of  the  biles  revealed  no  differ- 
ence in  the  percentage  of  isotope  hydroxyl- 
ated  to  cholic  acid  between  fed  and  fasted 
animals  in  the  infusion  study  (Table  2).  The 
values  observed  (2.5-8.9%)  were  much  less 
than  those  reported  previously  (30-40%) 
(11,  12)  when  the  isotope  was  given  orally, 
although  Hoffman,  Iser  and  Smallwood  ob- 
served no  conversion  of  deoxycholic  acid  to 
cholic  acid  when  it  was  infused  into  the 
portal  vein  (13).  In  order  to  see  whether  this 
difference  was  due  to  the  method  of  admin- 
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TABLE  I.  Effect  of  Fasting  (20  hr)  on  the  Concentrations  (fiM)  of  Serum  Bile  Acids  in  Male 

Rat  Portal  Blood." 


Cholic  acid 

Deoxycholic 

acid 

Total 

Conj. 

Unconj. 

Conj. 

Unconj. 

Fed  (6) 

150.8  ±  20.4 
Fasting  (6) 

193.6  ±  24.9 

102.7  ±  20.7 
132.3  ±  18.7 

40.4  ±  6.7 
34.4  ±  8.6 

4.0  ±  1.3 

17.8  ±  3.0 
P  <  0.005* 

3.7  ±  0.9 

9.1  ±  1.4 
P  <  O.OP 

"  Results  given  as  mean  ±  standard  error. 

*  Test  of  significance,  unpaired  Student's/  test.  Where  nop  value  is  given,  the  difference  was  not  significant  at 
the  5%  level. 


TABLE  n.  Conversion  of  [24-'*C]  Deoxychouc 
Acid  to  Cholic  Acid." 

Total  biliary  radioactivity  in 
cholic  acid  (%) 

Fed  animals       Fasted  animals 


Route  of  adminis- 
tration 


Portal  vein  (4) 
Intestine  (2) 

1  hr 

1-5  hr 


4.9(2.5-8.1)      4.8(2:5-^.9) 


7.4  (6.4-8.3) 
7.8  (6.6-9.0) 


4.1  (4.1-4.2) 
8.6(7.1-10.5) 


"  Mean  and  range  given. 

istration  [24-^^C]deoxycholic  acid  was  in- 
jected into  the  duodenum,  but  again  there 
was  only  a  little  7a-hydroxylation  to  cholic 
acid  (4.1%  fasted  and  7.4%  fed):  the  pro- 
portion of  labeled  cholic  acid  did  not  change 
during  the  experiment  (Table  2). 

Effect  of  intestinal  resection.  Since  fasting 
had  a  marked  effect  on  the  serum  concen- 
tration of  deoxycholic  acid  in  portal  blood  it 
was  decided  not  to  starve  other  experimen- 
tal animals  before  sampling  blood  in  order 
to  examine  the  effects  of  bowel  surgery 
alone. 

There  was  a  wide  scatter  of  results  in 
control  animals  although  the  mean  total  se- 
rum bile  acid  concentration  in  portal  blood 
(139  /xAf  in  male  animals,  137  /jlM  in  fe- 
male animals)  was  similar  to  that  observed 
in  the  fasting  study.  Chenic  acid  was  a  prom- 
inent bile  acid  in  female  animals  (mean  17 
/xAf)  but  not  in  male  animals.  Traces  of 
lithocholic  acid  (0.5  fjuM)  were  observed  in 
female  animals,  but  hyodeoxycholic  acid 
and  the  a-  and  )3-muricholic  acids  were  not 
detected  in  any  of  the  animals  (limit  0.5  fiM). 

Resection  of  the  ileum  in  male  rats,  both 
20  and  50  cm,  caused  a  significant  fall  in  the 
mean  concentration  of  total  cholic  acid  (134 
IjlM  to  24  and  17  /lAf,  respectively,  p  < 
0.001)  whereas  that  of  deoxycholic  acid 


rose  (from  5.6  [jlM  to  12.7  and  9.1  /llA/. 
respectively),  mainly  because  of  unconju- 
gated deoxycholic  acid  (Table  3)  although 
this  rise  was  not  significant.  Similarly  in  fe- 
male animals  with  a  20-cm  resection  there 
was  a  significant  decrease  in  the  mean  total 
cholic  acid  concentration  (115  to  45  fiM.p 
<  0.02)  and  a  rise  in  the  total  deoxycholic 
acid  concentration  (3.7  to  16  fiM),  although 
again  not  significantly.  In  addition  the  mean 
concentrations  of  total  chenic  acid^  and  lith- 
ocholic acid  were  increased  from  17  to  42 
IjlM  and  0.5  to  6.5  /lAf ,  respectively.  Conse- 
quently there  was  only  a  small  decrease  in 
the  total  serum  bile  acid  concentration  in 
portal  blood  (from  138  to  111  /uAf ).  Analy- 
sis by  tic  showed  that  conjugated  cholate  in 
the  portal  blood  from  all  the  sera  was  pres- 
ent as  cholyltaurine. 

Male  animals  who  had  a  right  hemicolec- 
tomy in  addition  to  an  ileal  resection  also 
had  reduction  in  the  total  bile  acid  concen- 
tration. However,  deoxycholic  acid  was  ab- 
sent from  the  sera  of  portal  blood  in  all 
animals  except  one.  All  these  animals  had 
diarrhea. 

When  the  bile  acid  composition  in  portal 
blood  was  examined  6  months  after  surgery 
in  a  small  series  (three  animals  in  each 
group),  similar  qualitative  changes  were  ob- 
tained to  those  seen  after  1  week.  However, 
the  concentration  of  all  bile  acids  were 
higher  than  those  observed  in  the  younger 
animals.  In  controls  the  mean  total  bile  acid 
concentration  was  275  /JVf  and  in  animals 
with  ileal  resection  was  121  /jlM  (20  cm)  and 
70  fjiM  (50  cm).  For  deoxycholic  acid  the 
mean  concentrations  in  animals  with  ileal 

^  Chenic  acid:  abbreviated  name  for  3a.7a-dihy- 
droxy-5/3-cholan-24-oic  acid. 


PORTAL   BLOOD   BILE   ACIDS   IN   THE   RAT 


295 


i  £ 


O   «ri 
V   6 


fl  &0  < 


«*>  ^ 


V 


l« 


;;    5 


^•2 

2   g 


+1    fl 


O    ♦! 


V    fl 


8c. 

d  r»" 

V   fl 


dH: 

V   fl 


V   00   V  ^ 


—  o 
to   ♦'   V  & 

Z    <N      ft.Z 


.2 
2   § 

•a  s 


§8 
5  E 


•     —    JL      O 
M     n   O    c 

«  e  "^  ,^' 
J!  £  *  i- 

§  lis 

§  S|  I 

cq     e     rt     * 

E  ^   E    u 

ts  ts  ts  c 

■    e    e    c    c 

QA   »     »     M     3 

g  jS  S  S  £ 

ai  ,^  ,^  ,«»    J 

"S    c  *c    c  -o 

mil 

J^     C     C     C     u 

:?.  D  D  D  Q 


resection  were  27  /lAf  (20  cm)  and  10  fxM 
(50  cm):  whether  this  was  due  to  increases 
in  age  and  mean  body  weight  is  not  known. 

Histological  examination  of  the  rat  liver 
showed  only  minor  changes.  One  week  after 
ileal  resection  slight  fatty  changes  were  ob- 
served in  female  rats.  Similar  observations 
were  made  in  male  rats  6  months  after  sur- 
gery. 

Discussion.  The  concentrations  of  total 
bile  acids  in  the  serum  of  portal  blood  of 
control  rats  covered  a  wide  range  (66-273 
fjiM)  of  the  same  order  observed  by  Okishio 
and  Nair  (3):  the  very  low  values  previously 
observed  by  Cronholm  and  Sjovall  (2)  were 
not  encountered.  The  extended  sampling 
period  (up  to  30  min)  used  by  these  investi- 
gators (2)  compared  with  30-40  sec  in  our 
study  could  have  been  responsible  for  this 
difference.  All  studies  were  unanimous  in 
showing  that  cholic  acid  was  the  major  bile 
acid  present  in  portal  blood.  Qualitative  tic 
analysis  showed  that  cholic  acid  was  conju- 
gated almost  entirely  with  taurine,  this 
being  consistent  with  the  known  composi- 
tion of  rat  biliary  bile  acids.  Other  bile  acids 
were  present  in  trace  amounts  in  male  ani- 
mals, but  only  deoxycholic  acid  was  in  a 
concentration  exceeding  0.5  /xAf .  However, 
in  female  animals  10%  of  the  total  bile  acids 
consisted  of  chenic  acid  which  is  consistent 
with  a  previous  report  of  a  sex  difference  in 
the  chenic  acid  pool  size  in  the  rat.  (14). 

An  overnight  fast  (20  hr)  caused  a 
marked  increase  in  the  concentration  of 
deoxycholic  acid  in  male  animals  from  8  to 
27  fiM  which  is  in  good  agreement  with  the 
results  of  Cronholm  and  Sjovall  (2)  for  fed 
animals  and  Okishio  and  Nair  (3)  for  fasted 
animals.  Since  the  increase  was  mainly  due 
to  deoxycholyltaurine  it  seemed  unlikely 
that  increased  bacterial  action  caused  by 
slowed  intestinal  transit  could  explain  this 
effect,  as  it  is  genejally  accepted  that  bacte- 
rial deconjugation  of  bile  acids  precedes 
their  dehydroxylation  although  evidence  for 
direct  dehydroxylation  has  been  reported  in 
man  (15).  It  has  been  previously  shown  (11, 
12)  that  deoxycholic  acid  is  converted  to 
cholic  acid  by  hepatic  7a-hydroxylation  so 
that  the  possibility  has  to  be  considered  that 
fasting  may  have  decreased  the  capacity  of 
the  liver  for  7a-hydroxylation  and  thus 
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creased  the  amount  of  circulating  conju- 
gated deoxycholic  acid.  However,  in  experi- 
ments in  which  isotopic  deoxycholic  acid 
was  administered  either  via  the  superior 
mesenteric  vein  or  into  the  small  intestine, 
analysis  of  the  biles  revealed  no  difference 
in  the  amount  of  labeled  cholic  acid  between 
fed  and  fasted  animals.  A  decreased  rate  of 
enterohepatic  cycling  of  bile  acids  is  a  fur- 
ther possible  explanation,  but  it  is  difficult 
to  reconcile  with  the  fact  that  deoxycholic 
acid  was  in  the  conjugated  form. 

It  has  been  concluded  from  these  observa- 
tions on  fasting  that,  as  that  rat  is  mainly  a 
nocturnal  eater  and  does  not  normally  fast 
for  long  periods,  studies  on  bile  acid  metab- 
olism should  normally  be  made  in  fed  ani- 
mals. This  procedure  was  accordingly  fol- 
lowed in  our  investigations  on  ileal  resection 
which  demonstrated  that  short  (20  cm)  and 
long  (50  cm)  terminal  ileal  resection  caused 
similar  reductions  in  the  total  serum  bile 
acid  concentration  in  portal  blood.  This  was 
largely  due  to  a  decrease  in  the  concentra- 
tion of  cholyltaurine  which  is  consistent  with 
a  previous  report  of  a  threefold  fall  in  the 
cholyltaurine  pool  size  following  resection 
from  21  /xmole/100  g  body  wt  to  7.2  /Ltmole/ 
100  g  body  wt  (16)  and  supports  the  view 
that  the  distal  small  intestine  is  necessary  for 
its  conservation. 

Since  taurine  conjugates  of  each  of  the 
bile  acids  were  present  in  the  serum  of  por- 
tal blood  this  would  suggest  that  significant 
absorption  of  these  polar  bile  acids  can  oc- 
cur in  the  absence  of  the  terminal  ileum  in 
vivo,  as  conjugation  is  unlikely  to  occur  in 
the  intestine.  The  mechanism  of  their  reab- 
sorption  is  uncertain,  although  active  trans- 
port has  been  reported  in  the  third  quarter 
of  rat  small  intestine  (17).  In  addition  the 
rate  of  absorption  of  cholyltaurine  from  the 
jejunum  following  ileal  resection  has  been 
shown  in  vitro  to  be  twice  that  in  controls 
(18),  and  that  this  is  not  just  because  of 
jejunal  hyperplasia  but  reflects  a  greater 
ability  to  concentrate  cholyltaurine  against  a 
concentration  gradient  (19). 

The  deoxycholic  acid  concentration  was 
raised  in  both  male  and  female  animals  fol- 
lowing ileal  resection,  mainly  in  the  uncon- 
jugated form,  although  the  scatter  of  the 


data  prevented  a  significant  difference  being 
observed.  This  would  follow  from  an  in- 
creased rate  of  production  of  deoxycholic 
acid  by  anaerobic  bacteria  caused  by  greater 
amounts  of  unabsorbed  cholyltaurine  enter- 
ing the  colon,  and  a  greater  intestinal  con- 
servation of  the  unconjugated  over  the  con- 
jugated forms  by  passive  non-ionic  diffusion 
(20).  No  explanation  can  be  offered  for  the 
apparent  increase  in  the  concentration  of 
chenic  acid  in  female  rats. 

Although  the  combination  of  a  right  hem- 
icolectomy with  resection  of  the  terminal 
ileum  did  not  influence  the  concentration  of 
cholyltaurine  it  resulted  in  the  disappear- 
ance of  deoxycholic  acid  from  the  portal 
blood.  Despite  the  intestinal  hurry  observed 
in  these  animals  not  all  bacterial  activity 
towards  bile  acids  was  suppressed  since 
some  unconjugated  cholic  acid  was  present. 
In  man  a  similar  operation  also  results  in  a 
diminution  in  deoxycholic  acid  synthesis 
(21). 

Bile  acids  have  been  shown  to  be  hepa- 
toxic  when  given  in  large  doses  in  experi- 
mental studies  (22-26).  Since  ileal  resection 
resulted  in  a  reduction  in  the  total  serum 
bile  and  concentration  in  portal  blood  and 
only  moderate  rises  in  the  concentration  of 
secondary  bile  acids,  it  was  therefore  not 
surprising  that  no  histological  damage  was 
detected  in  the  livers  of  these  animals. 

Summary,  Bile  acids  in  the  serum  of  rat 
portal  blood  have  been  examined.  Fasting 
(20  hr)  caused  a  marked  increase  in  the 
deoxycholic  acid  concentration,  mainly  of 
deoxycholyltaurine.  Studies  with  [24- 
*^C]deoxycholic  acid  failed  to  show  that  this 
was  due  to  decreased  rehydroxylation  by  the 
liver.  Resection  of  the  terminal  ileum 
caused  a  three-  to  fourfold  reduction  in  the 
total  bile  acid  concentration  in  male  ani- 
mals, cholyltaurine  being  most  affected  al- 
though it  remained  the  predominant  bile 
acid.  In  contrast  the  concentration  of  deoxy- 
cholic acid  increased  in  half  the  animals.  In 
female  animals  the  concentrations  of  chenic 
acid  and  lithocholic  acid  also  increased  so 
that  the  total  bile  acid  concentration  only 
decreased  slightly.  Ileal  resection  combined 
with  a  right  hemicolectomy  caused  the  dis- 
appearance of  deoxycholic  acid. 
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Docosahexaenoic  acid  (22:6n3),  a  mem- 
ber of  the  linolenate  family,  is  found  in 
membrane  phospholipids  of  most  mamma- 
lian cells.  It  occurs  in  surprisingly  high  con- 
centrations in  the  phosphatidylethanola- 
mines  (PE)  of  human  cerebral  cortex  (1), 
retinas  of  various  species,  including  human, 
dog,  pig,  sheep,  cattle,  and  rabbit  (2),  and 
bovine  testes  (3)  as  well  as  other  specialized 
cells  or  organelles.  Large  proportions  of 
22:6n3  also  appear  in  many  lipids  of  fish. 
Docosahexaenoic  acid  cannot  be  totally  syn- 
thesized in  vertebrates  so  that  it  or  its  pre- 
cursor, linolenic  acid  (18:3n3),  must  be  ob- 
tained from  the  diet.  Rainbow  trout  grow 
well  with  22:6n3  or  18:3n3  as  the  only  die- 
tary unsaturated  fatty  acid  (4),  but  linoleic 
acid  (18:2n6),  the  most  important  essential 
fatty  acid  (EFA)  for  mammals,  is  of  little 
value  (5).  A  great  decrease  in  22:6n3  of 
tissue  lipids  occurred  in  rats  fed  a  diet  defi- 
cient in  linolenic  acid,  but  growth  and  repro- 
duction remained  normal  (6).  Despite  its 
essentiality  in  trout,  and  its  high  concentra- 
tions in  many  vertebrate  membrane  phos- 
pholipids, nothing  whatever  is  known  about 
the  specific  function  of  22:6n3. 

Little  is  known  about  the  incorporation  of 
22:6n3  into  tissue  lipids.  Sinclair  and  Craw- 
ford (7)  and  Sinclair  (8)  administered  ^'•C- 
22:6n3  to  rat  pups  and  found  considerable 
incorporation  into  brain  and  liver  phospho- 
lipids after  22  hr.  No  investigation  has  been 
made  of  the  incorporation  of  22:6n3  into 
lipids  at  different  intervals  after  administra- 
tion, a  test  which  would  allow  comparison  of 
the  behavior  of  22:6n3  with  that  of  other 
fatty  acids.  Therefore,  we  have  measured 
the  incorporation  of  22:6n3  into  rat  tissue 
lipids  at  various  times  after  administration. 
Normal  rats  were  administered  ^"*C-doco- 
sahexaenoic  acid  prepared  by  biosynthesis 
from  ^'•Ci-linolenic  acid  in  EFA-deficient 
rats.  Incorporation  of  the  label  into  lipids  of 


liver,  heart,  plasma,  brain,  and  carcass  was 
measured  after  intervals  from  0.25  to  95  hr. 
We  also  investigated  the  distribution  of  ra- 
dioactivity among  liver  lipid  classes  and 
within  individual  fatty  acids  of  liver  phos- 
phatidylcholines (PC)  and  PE. 

Preparation  of  ^K^-docosahexaenok  acid. 
^^C-docosahexaenoic  acid  was  isolated  from 
liver  phospholipids  of  EFA-deficient  rats 
after  administration  of  ^^C,-linolenic  acid. 
Just  after  the  birth  of  litters,  mother  rats 
(Sprague-Dawley,  Horton's  Laboratories, 
Los  Gatos,  Calif.)  were  given  an  EFA-defi- 
cient diet  (9).  Pups  were  fed  this  diet  and 
raised  to  weights  of  160-180  g  (8-10  weeks 
of  age).  '^Cj-Linolenic  acid  (Dhom,  North 
Hollywood,  Calif.,  52.5  mCi/mmole,  stated 
to  be  >99%  pure)  was  mixed  with  20%  rat 
plasma  in  saline.  About  30/LLCi  in  0.3  ml  was 
administered  (Metofane  anesthesia,  Pit- 
man-Moore, Washington,  Pa.)  via  the  fem- 
oral vein.  After  72  hr,  the  animal  was  anes- 
thetized (sodium  pentobarbital),  bled  by 
heart  puncture,  and  the  liver  was  removed 
and  lyophilized. 

Liver  lipids  were  extracted  with  chloro- 
form imethanol  2:1  (v/v),  and  phospholipids 
were  isolated  from  the  total  lipid  extract 
by  column  chromatography  on  silicic  acid 
(Unisil,  Clarkson  Chemical  Co.,  Williams- 
port,  Pa.).  Neutral  lipids  were  eluted  with 
chloroform,  and  phospholipids  were  col- 
lected in  chloroform  imethanol  1:1  and  in 
pure  methanol.  Mixed  phospholipids  were 
converted  to  methyl  esters  in  methanol 
acidified  with  H2SO4,  under  nitrogen  in  a 
capped  tube  for  3  hr  or  more  at  80®. 

Methyl  esters  were  separated  and  isolated 
by  gas-liquid  chromatography  (glc)  with  a 
model  810  F&M  chromatograph  equipped 
with  a  Packard  Tri-Carb  fraction  collector 
(Model  830).  The  instrument  was  calibrated 
with  a  mixture  containing  weighed  amounts 
of  the  methyl  esters  of  palmitic  (16:0),  pal- 
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(16:ln7),  stearic  (18:0),  oleic 
),  18:2n6,  18:3n3,  arachidonic 
),  eicosapentaenoic  (20:5n3),  and 
acids   (Hormel   Institute,   Austin, 

Methyl  esters  were  collected  in 
icked  with  glass  wool  which  were 
1  scintillation  vials  and  counted  with 
mixture  (below).  Their  specific  ac- 
vere  determined  by  use  of  *^C-hep- 
Dic  acid  as  an  internal  standard  (Nu- 
licago).  An  average  liver  contained 

mg  of  22:6n3,  of  which  two-thirds 
overed  as  purified  methyl  docosa- 
►ate,  sp  act  8.0  x  10^  dpm/mg.  The 
docosahexaenoate  peak  contained 
3f  the  radioactivity  and  88%  of  the 
ith  the  remainder  distributed  among 
^ery  small  unidentified  components 
►eared  both  before  and  after  22:6n3 
GLC  trace.  For  administration  to 
ethyl  docosahexaenoate  was  con- 
3  the  free  acid  and  dispersed  in  20% 
na  in  saline. 

oo  ration  of  ^^C-docosahexaenoic 
0  rat  lipids.  Male  Sprague-Dawley 
3rton's;  about  175  g)  were  given  a 
ified  diet  for  2  weeks  as  described 
10),  except  that  com  oil  was  substi- 
r  cottonseed  oil.  They  were  anesthe- 
th  Metofane,  and  ^^C-docosahexae- 
d  in  diluted  serum  was  injected  via 
3ral  vein.  Two  or  more  rats  per  time 
vere  killed  after  0.25,  0.5,  1,  2,  4, 
6,  24,  40,  48,  72,  and  95  hr.  The 
radioactivity  varied  from  about  2  x 
1,  for  incorporation  up  to  24  hr,  to 

X  10*  dpm,  for  longer  incorpora- 

were  anesthetized  and  blood  was 
y  heart  puncture.  Plasma  was  sepa- 
id  an  aliquot  was  counted  in  Triton 

(below).  Brain,  liver,  and  heart 
Dphilized  and  their  lipids  were  ex- 
into  chloroform: methanol,  2:1 .  The 
ler  of  the  animal  including  intestinal 
►  (carcass)  was  digested  with  satu- 
OH  in  95%  ethanol.  Aliquots  of 

digests  were  neutralized  with 
and  lipid-soluble  material  was  ex- 
into  petroleum  ether  for  measure- 
radioactivity. 

ticcd  procedures.  Lipids  in  organic 
were  taken  to  dryness  under  nitro- 
counted  in  0.5%,  2,5-diphenyloxa- 


zole  ("PPO,"  Research  Products  Interna- 
tional, Grove  Village,  111.)  in  toluene  ("tolu- 
ene mixture")  in  a  Beckman  LS-lOO  liquid 
scintillation  counter  (81%  efficiency). 

Liver  lipid  extracts  were  fractionated  into 
lysoleci thins,  sphingomyelins,  phosphatidyl- 
cholines (PC),  phosphatidylinositols  +  phos- 
phatidy Iserines ,  phosphatidyle thanolamines 
(PE),  and  neutral  lipids,  by  the  thin-layer 
chromatography  (tic)  system  of  Skipskier^j/. 
(11).  Duplicate  samples  were  streaked  on 
silica  gel  H  (Merck)  plates.  Fractions  from 
one  side  of  the  plate  were  transferred  into 
tubes  and  were  eluted  with  methanol  for 
determination  of  lipid  phosphorus  (12).  The 
corresponding  bands  were  scraped  directly 
into  scintillation  vials  and  were  counted  in 
Triton  mixture  (928  ml  of  toluene,  544  ml 
of  Triton  X-100  (Rohm  and  Haas)  and  4  g 
of  PPO)  (61%  efficiency). 

Another  separation  of  liver  lipid  extracts 
was  made  for  glc  analysis  of  methyl  esters 
from  PE  and  PC.  The  two  phospholipids 
were  eluted  from  silica  gel  by  the  method  of 
Arvidson  (13).  PE  and  PC  were  converted 
to  methyl  esters,  which  were  separated  and 
collected  by  glc  as  described  above.  With 
the  use  of  the  internal  standard,  the  sp  act  of 
each  individual  fatty  acid  was  measured. 

All  solvents  and  chemicals  were  of  re- 
agent grade. 

Results  and  discussion.  Radioactivity  in 
lipids  of  heart,  plasma,  or  brain  was  less 
than  2%  of  the  total  recovered  radioactiv- 
ity. These  lipids  were  not  analyzed  further. 
The  degree  of  incorporation  did  not  vary  in 
any  recognizable  pattern  from  one  time  pe- 
riod to  another  in  these  tissues. 

At  all  times,  the  greatest  proportion  of 
lipid  radioactivity  was  recovered  in  carcass 
lipids.  This  is  not  surprising  since  22:6n3 
accounts  for  3  to  4%  of  the  total  fatty  acids 
in  skeletal  muscle  (14),  which  in  turn  ac- 
counts for  45%  of  body  mass  in  rats.  Thus 
the  carcass  contains  most  of  the  body's 
22:6n3.  We  did  not  analyze  the  radioactiv- 
ity in  individual  fatty  acids  of  carcass  lipids 
because  specific  activities  were  very  low. 

Liver  lipid  contained  11%  of  the  total 
recovered  radioactivity  after  0.25  hr  of  in- 
corporation and  by  4  to  8  hr,  it  contained 
about  30%  of  the  radioactivity  recovered  in 
the  whole  animal. 

In  liver  lipids,  most  of  the  activity  was 
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incorporated  into  fatty  acids  of  PE  and  PC, 
with  much  smaller  proportions  incorporated 
into  neutral  lipids  and  other  phospholipids. 
The  percentages  of  liver  radioactivity  in  PE 
and  PC  are  shown  in  Fig.  1.  At  the  begin- 
ning of  incorporation,  a  large  proportion, 
60-70%,  of  radioactivity  appeared  in  PE, 
with  little  in  PC.  As  time  progressed,  the 
values  converged,  so  that  by  about  16  hr, 
approximately  45%  of  liver  total  radioactiv- 
ity was  present  in  each  fraction. 

Not  all  of  the  radioactivity  was  located  in 
the  22:6n3  moiety.  After  0.25  and  0.5  hr  of 
incorporation,  about  55-60%  of  the  radio- 
activity in  PE  was  in  22:6n3,  whereas  in  PC 
only  25%  of  the  label  was  in  22:6n3  (Table 
I).  The  remainder  of  the  radioactivity  was 
found  mainly  in  C-16  and  C-18  chains.  This 
indicates  that  part  of  the  22:6n3  was  quickly 
metabolized  and  that  the  label  was  reincor- 
porated into  fatty  acids.  As  time  progressed, 
the  proportion  of  radioactivity  in  22:6n3 
increased,  so  that  by  the  end  of  the  experi- 
ment, 22:6n3  accounted  for  75-80%  of  the 
label  in  PE,  and  about  80-85%  of  the  label 
in  PC. 

For  at  least  the  first  10  hr  of  incorpora- 
tion, we  found  more  radioactivity  in  PE 
than  in  PC.  This  prompt  incorporation  of 
22:6n3  into  PE  and  its  delayed  incorpora- 


tion into  PC  is  quite  unlike  the  incorpora- 
tion behavior  of  16:0,  18:0,  18:ln9. 
18:2n6,  or  20:4n6,  the  other  major  fatt> 
acids  in  rat  liver  phospholipids.  For  exam- 
ple, when  16:0  was  administered  intrave- 
nously to  rats,  PC  had  more  than  twice  the 
radioactivity  present  in  PE  (15)  at  10  min 
after  the  dose  and  at  20  min  after  the  dose. 


TABLE  I.  RADiOAcnvrnr  in  Fattt  Aaos  of  Rat 
Liver  Phosphatidylethanolamines  (PE)  and 

PhOSPHATIDYLCHOUNES   (PC)   AFTER 

Administration  of  'K^-Docosahexaenoic  Aod." 


Time  (hr) 

Number 
of  rats 

Percentage  as 
22:6n3  in 

phosphatidyl- 
ethanol- 
amines 

Percentage  as 

22:6n3  in 
phosphatidyl- 
cholines 

0.25 

2 

55 

27 

0.5 

2 

61 

24 

1 

2 

69 

46 

2 

2 

68 

49 

4 

4 

67 

56 

8 

2 

76 

52 

10 

2 

65 

63 

16 

4 

66 

61 

24 

2 

54 

57 

40 

2 

79 

73 

48 

2 

77 

79 

72 

2 

80 

80 

95 

2 

76 

85 

"  Percentage  of  total  radioactivity  in  fraction  re- 
covered as  22:6n3. 


Time  of  incorporation  (hr) 

Fig.  1 .  Radioactivity  in  phosphatidylethanolamines  (PE)  and  phosphatidylcholines  (PC)  of  rat  liver  after 
administration  of  'KT-docosahexaenoic  acid.  Percentage  of  total  radioactivity  recovered  in  liver  total  lipids.  Each 
point  represents  the  mean  of  two  analyses  for  each  of  two  animals,  except  for  points  at  4,  16,  and  48  hr,  which 
represent  four  animals.  Agreement  between  values  for  replicate  animals  was  usually  within  ±5%  of  the  mean, 
with  a  maximum  range  of  ±11%. 
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3id  three  times  the  amount  of  radioac- 
that  PE  did  (16).  Similarly,  18:0  and 
i9  were  incorporated  in  greater 
nts  into  PC  than  into  PE  of  rat  liver 
►somes,  at  1,  2,  4,  and  24  hr  after 
listration  of  these  fatty  acids  by  stom- 
ube  (17)  to  rats  deficient  in  EFA. 
;t  and  colleagues  (18)  administered 
18:2n6,  or  20:4n6  via  the  jugular  vein 
lie  Wistar  rats,  and  more  activity  ap- 
d  in  liver  PC  than  in  PE  after  10,  30, 
nd  180  min  of  incorporation. 
I  selective  incorporation  of  22:6n3 
iver  PE  is  consistent  with  observations 
in  vitro  with  rat  liver  microsomal  sys- 
Kanoh  and  Ohno  (19)  showed  that 
1 ,2-'^C-ethanolamine  was  converted 
ively  into  PE  molecules  that  contain 
i3 ,  an  indication  that  the  PE-synthesiz- 
ystem  in  rat  liver  selects  precursors 
Limably  diglycerides)  that  contain 
i3.  In  contrast,  the  system  that  forms 
om  CDP  choline  preferentially  forms 
i6-PC. 

ice  the  PE  is  labeled  with  ^^C-22:6n3, 
molecules  can  be  converted  to  PC  by 
jntial  methylation  with  5-adenosylme- 
ine.  It  has  been  observed  that  ^^CHg- 
ionine  is  incorporated  quickly  and  se- 
ely  into  rat  liver  22:6n3-PC  in  vivo 
!1).  The  combined  actions  of  phospho- 
rs and  transacylases  (22)  could  also 
the  transfer  of  >^C-22:6n3  from  PE  to 

5  rat  liver  evidently  selects  22:6n3-con- 
ig  precursors  for  incorporation  into  PE 
r  than  PC  or  the  other  lipid  classes,  and 
bel  later  appears  in  PC.  Docosahexae- 
icid  thus  behaves  distinctly  differently 
the  other  important  fatty  acids  in  rat 
These  observations  suggest  that  the 
on  of  22:6n3  also  is  different  from 
of  the  other  fatty  acids. 
nmary.  ''*C-docosahexaenoic  acid,  pre- 
I  by  administration  of  ^^Cj-linolenic 
o  essential  fatty  acid-deficient  rats,  was 
ed  from  liver  phospholipids  and  con- 
J  to  methyl  docosahexaenoate,  sp  act  8 
•  dpm/mg,  purity  about  90%.  This  was 
rted  to  the  free  acid  and  injected  into 


rats.  '^C-docosahexaenoic  acid  was  incorpo- 
rated mainly  into  carcass  and  liver.  In  liver, 
radioactivity  appeared  most  rapidly  in  PE 
and  later  in  PC.  This  behavior  is  unlike  the 
incorporations  of  16:0,  18:0,  18:ln9, 
18:2n6,  or  20:4n6,  which  are  all  incorpo- 
rated most  quickly  into  PC.  Most  of  the 
radioactivity  was  recovered  as  22:6n3,  al- 
though considerable  activity  was  present  in 
C-16  and  C-18  chains. 
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An  intriguing  property  of  the  herpes  sim- 
plex viruses  (HSV)  is  their  ability  to  estab- 
lish a  latent  infection  m  vivo.  Recent  studies 
have  demonstrated  that  the  site  of  HSV  per- 
sistence in  animals  and  man  is  the  neural 
elements  of  ganglia  (1-4).  During  the 
course  of  latent  infection  the  replication  of 
the  virus  is  restricted  but  an  appropriate 
stimulus  causes  a  shift  in  the  host-virus  rela- 
tionship in  the  neural  tissue,  ultimately  re- 
sulting in  the  replication  of  the  virus  and  the 
recrudescence  of  a  clinical  infection  (5,  6). 

The  efficiency  of  HSV  replication  in  vitro 
varies  with  the  host  cell.  For  example,  dog 
kidney  cells  and  C6  cells  fail  to  support  (or 
actively  restrict)  the  replication  of  HSV  (7, 
8).  In  addition,  cells  may  respond  to  HSV 
infection  with  the  production  of  interferon 
(7,  9,  10).  Aurelian  and  Roizman  (11)  have 
documented  the  alternating  suppression  of 
the  synthesis  of  interferon  and  HSV  di- 
rected macromolecules  during  the  cycle  of 
infection  in  canine  kidney  cells.  Thus,  re- 
strictive modulation  of  HSV  replication  may 
be  the  result  of  interferon  production.  This 
study  sought  to  further  characterize  the  in- 
teraction between  HSV  and  C6  cells,  which 
were  derived  from  a  glioma  (12),  specifi- 
cally relating  the  cycle  of  infection  to  the 
potential  cellular  response  of  interferon  syn- 
thesis. 

Materials  and  methods.  Cells  and  me- 
dium. The  glioblastoma  cell  line,  C6,  pur- 
chased from  American  Type  Culture  Collec- 
tion, was  obtained  from  Dr.  R.  Grasso, 
University  of  South  Florida.  The  rabbit  skin 
(RS)  and  HeLa  cell  lines  were  obtained 
from  Dr.  L.  McLaren,  University  of  New 
Mexico.  The  composition  of  the  medium 
was  described  in  a  previous  report  (13). 

Viruses.  Herpes  simplex  type  1  strain  Sei- 
bert  (HSV-1)  was  propagated  in  RS  cells 
and  concentrated  by  polyethylene  glycol 
^^precipitation"  (14).  The  HSV  was  quanti- 
tated  by  plaque  formation  in  RS  cells  em- 


ploying an  overlay  which  contained  0.5% 
methyl  cellulose  (15).  Newcastle  disease  vi- 
rus (NDV)  was  propagated  in  fertile  hen's 
eggs  and  quantitated  by  plaque  formation 
(13).  Vesicular  stomatitis  virus  (VSV)  was 
propagated  in  and  quantitated  by  plaque 
formation  in  C6  cells  employing  an  overlay 
medium  which  contained  0.5%  Noble  agar. 

Total  HSV-1  content.  Cell  monolayers,  in- 
fected at  a  multiplicity  of  infection  (m.o.i.) 
of  10  plaque-forming  units  (PFU)  per  ceil, 
were  frozen  (-85°)  at  the  times  indicated 
for  the  different  experiments.  The  samples 
were  then  thawed,  duplicates  were  pooled, 
and  the  cells  were  removed  by  centrifuga- 
tion  (800 g;  8  min).  Cells  were  resuspended 
in  1  ml  of  the  supernatant  fluid  and  soni- 
cated for  30  sec  (20,000  cps).  The  remain- 
der of  the  supernatant  fluid  was  then  added 
and  the  virus  content  was  determined. 

Assay  for  poliovirus  in  the  presence  of 
HSV-1.  Monolayers  which  were  infected 
with  HSV-1  and  superinfected  with  polio 
RNA  were  frozen  (-85°)  at  the  times  indi- 
cated for  each  experiment,  and  subse- 
quently thawed.  Trition  X-100  was  added  to 
the  mixture  of  medium  and  cells  to  a  final 
concentration  of  0.5%  which  disrupted  the 
cells,  released  the  poliovirus,  and  inacti- 
vated the  HSV-1.  Poliovirus  was  quanti- 
tated by  plaque  assay  on  HeLa  cells  (16). 

Interferon  determinations.  Medium  alone 
or  medium  containing  sonicated  infected 
cells  was  acidified  to  pH  2,  incubated  at  4° 
overnight,  and  then  neutralized  (17).  Dilu- 
tions of  these  samples  were  prepared  in 
fresh  medium  and  incubated  with  cells  over- 
night. These  monolayers  were  then  chal- 
lenged with  approximately  100  PFU  of 
VSV.  The  next  day  the  monolayers  were 
stained  (18)  and  the  plaques  were  counted. 
One  unit  of  interferon  was  defined  as  the 
reciprocal  of  the  sample  dilution  which  re- 
sulted in  a  50%  decrement  in  plaque  num- 
ber relative  to  controls. 
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?ron  preparation.  Interferon  was 
d  by  the  NDV  infection  (m.o.i.  = 
Z6  cells.  The  medium  was  decanted 
r  postinfection  (hpi),  acidified,  and 
ently  assayed  for  interferon  activity 
ibed  above. 

RNA  preparation.  Infected  HeLa 
:re  frozen,  thawed,  and  then  soni- 
rupted  after  infection  by  poliovirus. 

material  was  removed  by  centrifu- 
[800  g\  8  min)  and  the  virus  was 

by  centrifugation  (120,000  g\  90 
he  virus  was  resuspended  in  0.02  M 
ite    buffer,    pH    7.1,    and    passed 

a  9.5  X  0.8-cm  column  of  DEAE 
I  previously  equilibrated  with  the 
ffer.  Fractions  containing  poliovirus 
oled  and  sodium  dodecyl  sulfate  was 

0  a  final  concentration  of  0.25%. 
Ued  protease  (Sigma  Chemical)  was 
100  /LLg/ml  final  concentration)  and 
pie  was  incubated  at  37°  for  30  min. 
iple  was  then  extracted  twice  with 
)lumes  of  phenol,  twice  with  equal 

of  chloroform,  and  once  with  twice 
3le  volume  of  ether.  The  sample  was 
ilyzed  against  1  liter  of  phosphate 

1  saline  (PBS)  for  24  hr  at  4^ 
RNA  infection.  Cells  to  be  infected 
ished  three  times  with  Hank's  bal- 
ilt  solution  (BSS;  19)  and  incubated 
lin  with  1  ml  of  PBS  containing  500 
\E  dextran.  The  PBS  was  decanted, 

were  exposed  to  the  polio  RNA  for 

and  then  the  original  tissue  culture 

was  replaced.  Determination  of  the 

ty  of  the  polio  RNA  preparation 

ieved  by  plaque  assay  on  HeLa  cells 

1  the  final  medium  added  contained 

►n  agar  and  30  mA/  MgCl2.  Incuba- 

polio  RNA  samples  with  ribonucle- 

^tg;  20  min)  reduced  the  infectivity 

reparation  to  less  than  10  PFU/ml. 

J.  The  temporal  aspects  of  a  single 

HSV-1  replication  in  C6  and  RS 

re  examined.  A  comparison  of  these 

on  cycles  revealed  the   inefficient 

ion  of  HSV-1  in  C6  cells  as  shown  in 

rhe  productive  cycle  of  infection  in 

indicated  a  4-hr  eclipse  phase  fol- 

y  the  rapid  synthesis  of  virus.  By 

,  the  eclipse  phase  noted  in  C6  cells 

onged,  through  12  hpi  and  was  fol- 


■ri     Ptil     ItlfCliM 


Fig.  1.  Replication  of  HSV-1  in  RS  and  C6  cells. 
Monolayers  were  infected  with  HSV-1  (m.o.i.  =  10)  as 
described  above.  At  the  times  indicated,  duplicate  sam- 
ples were  frozen  (-85®).  All  samples  were  subse- 
quently processed  as  described  in  the  Methods  and  the 

total  virus  content  was  determined  (15).  • #,  RS 

cells;  O O,  C6  cells. 

lowed  by  an  increase  in  HSV-1  levels.  In 
addition,  the  adsorption  of  HSV-1  to  both 
C6  and  RS  cells  was  equivalent  as  deter- 
mined by  the  quantity  of  virus  per  10®  cells 
immediately  following  the  adsorption  pe- 
riod (Fig.  1,  0  hr).  Thus,  the  low  virus  yield 
in  C6  cells  (1  PFU/cell)  compared  with  420 
PFU/RS  cell  at  48  hpi  reflected  the  restric- 
tive nature  of  the  HSV-C6  interaction. 

Since  the  production  of  interferon  has 
been  previously  shown  to  suppress  HSV  di- 
rected biosynthetic  metabolism  (11),  the  re- 
lationship between  interferon  production 
and  HSV- 1  infection  of  C6  cells  was  exam- 
ined. Medium  from  HSV-1  infected  C6  cells 
as  well  as  medium  containing  the  total  intra- 
cellular contents  were  assayed  for  inter- 
feron. In  each  instance,  no  interferon  activ- 
ity could  be  demonstrated  in  any  of  the 
samples  of  HSV-1  infected  C6  cells  tested 
(Table  I).  However,  the  infection  of  cells 
with  NDV  did  result  in  the  production  of 
interferon.  These  data  indicated  C6  cells 
have  the  genetic  capability  to  synthesize  this 
antiviral  protein,  but  they  either  failed  to 
produce  interferon  in  response  to  HSV-1 
infection   or  synthesized  quantities  which 
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TABLE  I.  Interferon  Content  in  Medium  and 
Infected  C6  Cells." 


TABLE  II.  Effect  of  HSV-1  Infection  on  the 
Replication  of  Pouo  RNA  in  C6  and  RS  Cells* 


Hours  postinfection 

Interferon  titer  (units/ 
ml)  Cells  infected  with: 

HSV-1           NDV 

0.2,4,6,8,  12, 

24,  48,  72 
24 

<5 

300 

"  Monolayers  of  C6  cells  were  infected  with  HSV-1 
or  NDV  (m.o.i.  =  10).  At  the  times  indicated  the 
interferon  content  in  the  mixture  of  cells  and  medium 
was  determined  as  described  in  the  Methods. 


could  not  be  detected  by  the  assay  em- 
ployed. 

If  low  levels  of  interferon  were  responsi- 
ble for  restricting  the  replication  of  HSV-1 
in  C6  cells,  then  these  cells  might  be  ex- 
pected to  be  refractory  to  superinfection  by 
a  second  virus.  This  possibility  was  tested  by 
monitoring  the  replication  of  infectious  po- 
lio RNA  which  was  used  to  superinfect  C6 
cells  at  different  times  post  HSV-1  infec- 
tion. Preliminary  experiments  indicated 
treatment  of  uninfected  C6  cells  with  5 
units/ml  of  C6  interferon  resulted  in  a  95% 
decrease  in  poliovirus  production  (data  not 
shown).  The  results  indicated  that  polio- 
virus  synthesis  was  not  appreciably  inhibited 
through  10  hpi  (Table  II).  However,  by  24 
hpi  the  decrement  in  poliovirus  production 
in  HSV-1  infected  C6  cells  was  equivalent  to 
that  observed  by  3.5  hpi  in  RS  cells.  While 
the  levels  of  restriction  of  polio  RNA  repli- 
cation were  comparable,  the  time  post  HSV- 
1  infection  when  the  restriction  was  mani- 
fested differed  with  the  host  cells. 

The  physiologically  restrictive  state  of  the 
C6  cells  was  further  examined  by  determin- 
ing the  effect  of  exogenously  added  inter- 
feron on  the  replication  of  HSV-1.  Mono- 
layers received  interferon  before  or  immedi- 
ately after  HSV-1  adsorption  and  the  total 
HSV-1  content  was  determined  at  24  hpi. 
The  results  indicated  5  units/ml  of  C6  inter- 
feron had  no  effect  on  the  yield  of  HSV-1 
even  when  added  19  hr  before  the  infection 
of  the  cells  (Table  III).  Pre  treating  the  C6 
cells  with  50  units/ml  of  interferon  did  result 
in  a  substantial  decrement  in  HSV-1  yield. 
However,  50  units/ml  of  interferon  failed  to 
inhibit  HSV-1  replication  when  it  was  added 
immediately  after  virus  adsorption. 


Cell  line 

Time  post  HSV-1 
adsorption  of  polio 
RNA  superinfec- 
tion (hr) 

Poliovirus  yield 
(%  O-hr  yield) 

C6 

0 

100^ 

4 

134 

10 

67 

24 

4 

RS 

0 

10(y 

3.5 

9 

6.5 

2 

°  Monolayers  were  exposed  to  HSV-1  (m.o.i.  =  10) 
and  virus  adsorption  proceeded  for  2  hr  at  room  tem- 
perature. At  the  times  indicated,  the  monolayers  were 
washed  three  times  with  BSS  and  supcrinfected  v^iih 
polio  RNA  as  described  in  the  Methods.  At  24  hr  post 
polio  RNA  infection,  the  cells  were  lysed  with  Triton 
X-100  and  total  poliovirus  content  was  determined 
(16). 

*  100%  =  2.5  X  10»PFU/ml. 

'^  100%  =  2.5  X  lO^PFU/ml. 

TABLE  III.  Effect  of  Exogenously  Added 
Interferon  on  the  Yield  of  HSV-1  in  C6  Cells." 


Interferon  con- 

HSV-l Yield 

Time  of  interferon 

centration  (units/ 

(%  of  con- 

addition (hpa)^ 

ml) 

trol) 

Control 

None 

loa 

0 

5 

93 

-19 

5 

98 

Control 

None 

100^ 

0 

50 

135 

-19 

50 

16 

"  Monolayers  were  divided  into  three  groups.  One 
group  received  interferon  1 9  hr  before  ( - 1 9)  as  well  as 
immediately  after  HSV-1  adsorption.  The  second 
group  received  interferon  only  after  HSV-1  adsorption 
(0),  and  the  third  group  received  no  interferon  (wn- 
trol).  The  cells  were  infected  with  HSV-1  (m.o.i.  =  10) 
and  at  24  hpi,  the  monolayers  were  processed  as  de- 
scribed in  the  Methods,  and  the  total  HSV-1  content 
was  determined  (15). 

*  hpa:  hr  postadsorption. 

•  100%  =  2.5  X  10«  PFU/10*  cells. 
"  100%  =  5.6  X  10«  PFU/10«  ceUs. 


Discussion,  The  restrictive  nature  of  the 
HSV-1  C6  cell  interaction  was  evident  from 
the  diminished  replicative  capability  of  the 
virus  in  these  cells.  The  maximum  HSV-1 
yield  in  C6  cells  at  48  hpi  was  equal  to  or 
slightly  below  the  quantity  of  virus  which 
was  present  immediately  following  virus  ad- 
sorption (0  hpi).  These  observations  differ 
from  the  results  in  a  previous  study  which 
reported  a  substantially  lower  quantity  of 
HSV-1  in  C6  cells  at  48  hpi  (8).  The  reason 
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ifference  is  not  obvious  and  may  be 
ariation  in  the  HSV-1  strains  em- 
n  the  two  studies.  However,  the 
ice  of  HSV-1  adsorption  to  both 
LS  cells  indicated  that  the  restrictive 
;m(s)  regulating  HSV-1  replication 
ells  occurred  at  the  intracellular 

fection  of  cells  by  HSV  generally 

result  in  the  production  of  large 
s  of  interferon  (20).  In  addition, 
iction  of  interferon  has  been  shown 
tiplicity  dependent,  with  maximum 
m  occurring  at  a  m.o.i.  of  10  (11). 
,  no  interferon  activity  was  ob- 

the  composite  of  cells  and  media 
V-1  infected  C6  cells  even  though 
have  the  genetic  capability  to  pro- 
irferon,  the  m.o.i.  employed  was 
a  sensitive  challenge  virus  (VSV) 

in  the  interferon  assay. 
RNA  was  employed  as  a  probe  to 
e  whether  HSV-1  infected  C6  cells 
sd  a  state  of  viral  refractoriness  in 
ice  of  producing  readily  detectable 
s  of  interferon.  This  state  might  be 
chieved  since  interferon  synthesis 
ortly  following  the  transcription  of 
n  messenger  RNA  (21,  22).  Thus, 

inhibition  of  polio  virus  yield  when 
ifected  C6  cells  were  superinfected 
may  be  a  consequence  of  the  estab- 
of  an  interferon-mediated  viral  re- 
bate. However,  the  data  indicated 
5le  decrements  in  poliovirus  yield 
erved  in  C6  and  RS  cells  superin- 

24  and  3.5  hr  post  HSV-1  infec- 
jectively.  In  addition,  the  RS  cells 
I  productive  cycle  of  HSV-1  repli- 
ith  no  evidence  of  interferon  pro- 
data  not  shown).  Thus,  the  inhibi- 
oliovirus  replication  was  probably 
t  of  HSV  directed  interference  be- 

inhibition  was  manifest  during  the 
e  eclipse  phases  in  C6  and  RS  cells, 
IS  the  time  previously  reported  to 
iated  with  HSV  interference  of 
s  replication  (23).  These  data  fur- 
jct  upon  the  inefficient  nature  of 
-1  C6  interaction  as  the  HSV-1 
ble  by  10  hpi  to  establish  control  of 
mthetic  processes  in  these  cells 
uld  preclude  the  complete  synthe- 
iovirus. 


The  pretreatment  of  C6  cells  with  50 
units/ml  of  interferon  demonstrated  the  sus- 
ceptibility of  the  HSV-1  to  the  antiviral  pro- 
tein. The  unrestricted  replication  of  the 
HSV-1  in  the  presence  of  50  units/ml  of 
interferon  added  after  virus  adsorption  re- 
flected the  relative  resistance  of  this  virus  to 
interferon  as  well  as  the  importance  of  the 
temporal  relationship  between  the  addition 
of  exogenous  interferon  and  the  develop- 
ment of  the  refractory  state  to  HSV-1 .  How- 
ever, if  interferon  were  produced  in  HSV-1 
infected  C6  cells,  the  level  must  be  less  than 
5  units/ml.  This  amount  of  interferon  did 
not  inhibit  the  yield  of  HSV-1  in  C6  cells 
even  when  the  cells  were  pretreated  with  5 
units/ml  of  interferon  19  hr  before  HSV-1 
infection.  Thus,  the  data  presented  in  this 
report  suggest  that  interferon  is  not  respon- 
sible for  the  restrictive  replication  of  HSV-1 
in  C6  cells.  The  nature  of  the  biochemical 
events  associated  with  the  restricted  cycle  of 
HSV-1  infection  of  C6  cells  is  currently  un- 
der investigation. 

Summary.  The  relationship  between  the 
replication  of  HSV-1  in  C6  cells  and  an 
interferon-mediated  state  of  viral  refractori- 
ness was  studied.  The  cycles  of  HSV-1  repli- 
cation in  RS  and  C6  cells  reflected  the  re- 
strictive nature  of  the  HSV-1  C6  interaction 
and  indicated  that  the  restrictive  event(s) 
occurred  intracellularly.  However,  inter- 
feron activity  could  not  be  demonstrated  in 
the  composite  of  medium  mixed  with  the 
total  intracellular  contents  from  HSV-1  in- 
fected C6  cells  from  0  through  72  hpi.  The 
lack  of  a  viral  refractory  state  was  also  re- 
flected in  only  a  slight  inhibition  at  10  hpi  of 
the  replication  of  poliovirus  RNA  which  was 
used  to  superinfect  HSV-1  infected  C6  cells. 
Furthermore,  the  exogenous  addition  of  5 
units/ml  of  interferon  supplied  either  before 
or  after  HSV-1  adsorption  as  well  as  50 
units/ml  added  after  virus  adsorption  failed 
to  affect  the  production  HSV- 1  in  C6  cells. 
These  observations  suggest  that  interferon  is 
not  mediating  the  restrictive  replication  of 
HSV-1  in  C6  cells. 
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active  transport  of  L-amino  acids  by 
ammalian  small  intestine  and  the  in- 
ions  between  individual  compounds 
)een  studied  by  several  groups  of  in- 
itors  (1-4).  Mutual  inhibition  in  the 
nal  transport  of  aromatic  amino  acids, 
as  L- tyrosine,  L-tryptophan,  and  l- 
lalanine  (L-Phe),  in  in  vitro  systems 
.  when  there  is  a  relatively  large  ratio 

inhibitor  to  the  inhibited  amino  acid 
.  This  line  of  investigation  has  been 
cted  also  in  other  laboratories,  partic- 
those  interested  in  the  elucidation  of 
jtual  interference  between  L-Phe  and 
ine  (L-Ala)  (4),  and  galactose,  L-Phe, 
Ala  (3). 

of  potential  clinical  interest  to  search 
emative  approaches  to  the  established 
/  treatment  of  phenylketonuria,  con- 

of  a  very  limited  intake  of  L-Phe, 

at  reducing  plasma  L-Phe  levels.  In 
esent  studies  we  have  explored  the 
of  action  and  kinetics  of  L-Ala  inhibi- 
n  L-Phe  intestinal  transport  in  an  in 
^stem  using  isolated,  open  segments  of 
>per  jejunum  in  anesthetized  rats,  l- 
/as   shown   to  impair  a   nonspecific 

acid  carrier  system  and  substantially 
;  L-Phe  absorption  rates,  as  well  as 
of  other  amino  acids,  when  the  l- 
nino  acid  ratio  was  at  least  10:1 .  The 

on  L-Phe  transport  appeared  compat- 
ith  a  noncompetitive  type  of  inhibi- 

erials  and  methods.  Female  Wistar 
eighing  between  200  and  250  g,  were 
n  the  experiments.  They  received  a 
rd  pelleted  feed  (purina  Lab  Chow, 
n  Purina  Co.)  and  water  ad  libitum. 
vas  withdrawn  the  afternoon  prior  to 
3ming  of  the  perfusions  in  order  to 
accumulation  of  semidigested  resi- 
1  the  upper  intestinal  tract.  The  rats 
nesthetized  with  1 .2  g/kg  body  weight 
hane  (Aldrich  Chemical  Co.)  admin- 


istered intraperitoneally.  The  abdominal 
cavity  was  opened  by  a  midline  incision  and 
the  small  intestine  cannulated  below  the  lig- 
ament of  Treitz.  A  20-cm  long  segment  was 
utilized,  avoiding  carefully  any  damage  to 
the  mesenteric  circulation.  The  intestinal 
contents  were  washed  out  with  two  10-ml 
portions  of  warm  saline.  The  proximal  junc- 
tion was  attached  to  a  peristaltic  pump 
(Harvard  Apparatus,  Model  1201),  and 
perfused  at  a  rate  of  0.20-0.22  ml/min.  The 
distal  end  was  allowed  to  drain  by  gravity 
into  graduated  tubes.  The  solutions  per- 
fused were  Krebs-Ringer  bicarbonate 
buffers  containing  variable  amounts  of  the 
amino  acids  or  other  substances  tested 
(Sigma  Chemical  Co.).  Polyethylene  glycol, 
mol  wt  3000-3700  (PEG,  "Carbowax 
4,000,"  Allied  Chemical  Co.)  was  used  as  a 
nonabsorbable  marker  at  a  concentration  of 
600  mg/100  ml.  Tracer  amounts  of  appro- 
priate *^C-  or  ^H-labeled  amino  acids  (New 
England  Nuclear  Corp.)  were  added  such 
that  the  perfusion  fluids  contained  20,000 
to  50,000  dpm/ml,  in  addition  to  the  unla- 
beled metabolites.  The  identity  of  the  radio- 
active substance  was  tested  in  the  buffers 
and  in  perfusates  by  thin-layer  chromatogra- 
phy of  0.025-ml  samples  on  silica  gel  plates 
with  butanol: acetic  acid: water  (60:15:25)  as 
a  solvent  (7).  The  solutions  were  kept  iso- 
tonic by  adjusting  the  concentration  of  so- 
dium chloride.  The  buffers  were  bubbled 
with  a  02:C02  (95:5)  gas  mixture  (Mathe- 
son  Gas  Products)  and  maintained  at  37° 
during  the  experin^ents.  Each  rat  was  per- 
fused with  two  different  buffers  containing 
or  omitting  L-Ala  in  order  to  minimize  bio- 
logical variability.  The  sequence  of  the 
buffers  perfused  was  randomized.  Fractions 
were  collected  every  15  min  for  1  hr,  after  a 
45-min  equilibration  period.  A  30-min  wash 
interval  was  allowed  before  collecting  sam- 
ples for  a  second  hour.  Actual  pumping 
rates  were  measured  before  and  after  the 
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completion  of  the  experiment.  The  intes- 
tinal segment  was  removed  immediately 
after  sacrificing  the  animal  by  exsanguina- 
tion  and  measured  on  a  flat  surface  to  the 
nearest  mm. 

All  fractions  collected  were  centrifuged  at 
600  g  for  10  min  to  separate  debris  and 
cells,  and  0.50-ml  aliquots  of  the  supema- 
tants  were  transferred  to  scintillation  vials, 
mixed  with  10  ml  of  a  water-compatible 
scintillator,  and  counted  with  efficiency  bet- 
ter than  50%  for  »^C  or  20%  for  ^H.  PEG 
was  assayed  by  a  turbidimetric  method  (8) 
and  the  ratio  of  concentrations  indicated  the 
water  flux  to  and  from  the  intestine.  The 
concentration  of  the  solute  was  determined 
by  isotope  dilution.  No  detectable  chro- 
matographic alteration  of  the  radioactive  la- 
bel was  observed  after  passage  through  the 
intestine,  determined  to  take  only  9  to  10 
min.  The  rates  of  absorption  for  each  frac- 
tion were  calculated  according  to  the  follow- 
ing formula  (9): 

PEGm 


(^«-^--) 


PEQ 

1000  X  Flow  rate  (ml/ min) 
Intestinal  segment  length  (cm) 

nmole 


min  X  cm 


where  S^f  and  5$  were  the  mA/  concentra- 
tions of  the  amino  acids  in  the  perfusing 
buffer  and  in  the  sample,  and  PEGbf  and 
PEGs  were  the  concentrations  of  PEG  in  the 
buffer  and  the  sample,  respectively.  Addi- 
tional extensive  details  of  the  perfusion 
technique  and  the  analytical  methods  have 
been  published  previously  (10, 11).  The  val- 
ues reported  here  are  means  ±  SE  obtained 
from  perfusions  of  4  to  12  rats.  Student's  t 
test  was  applied  to  determine  the  statistical 
significance  of  the  difference  of  means  (12). 
Results  and  discussion.  The  absorption 
rates  of  L-Phe,  when  perfused  either  at  1  or 
2  mA/  concentrations,  were  affected  by  the 
simultaneous  presence  of  L-Ala  only  when 
the  ratio  of  L-AIa  to  L-Phe  was  10  to  1  or 
higher  (Fig.  1).  These  concentrations  of  l- 
Phe  tested  were  selected  because  the  carrier 
system  for  the  intestinal  transport  of  the 
amino  acid  is  not  saturated  (9,  10)  and  be- 
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Fig.  1 .  Inhibition  of  L-Phe  intestinal  absorption  by 
L-Ala.  The  experiments  were  performed  with  1  mM 
(open  bars)  or  2  mA#  L-Phe  (dotted  bars)  in  the  pres- 
ence of  no  inhibitor,  and  of  L-Ala  in  various  molar 
ratios,  as  described  in  the  Materials  and  Methods  sec- 
tion. Each  bar  represents  the  mean  ±  SE  of  16  to  48 
values,  corresponding  to  4  to  12  rats  perfused.  The 
significance  of  the  differences  as  compared  to  the  data 
of  the  same  concentrations  without  inhibitor  was  calcu- 
lated by  a  nonpaired  Student*s  /  test  (12). 

cause  they  were  low  enough  to  allow  the 
addition  of  relatively  large  amounts  of  possi- 
ble inhibitors  without  reducing  excessively 
the  sodium  concentration.  The  presence  of  a 
20  to  1  molar  ratio  of  L-Ala  to  L-Phe  de- 
creased L-Phe  absorption  rates  by  27.8% 
for  a  1  mM  perfusate  and  by  43 .7%  in  the  2 
mM  L-Phe  solution. 

A  V  versus  V/S  plot  was  drawn  from  data 
obtained  from  L-Phe  absorption  rates  in  0.5 
to  3.0  mA/  concentrations  in  the  absence 
and  in  the  presence  of  40  mAf  L-Ala  (Fig. 
2).  It  has  been  shown  that  the  V  versus  VI 
S  representation  is  superior  to  the  l/V  ver- 
sus 7/5  Lineweaver-Burk  plot,  which  was 
included  in  the  illustration  for  comparative 
purposes  (13-15).  These  graphs  show  the 
rates  of  absorption  (V)  for  different  concen- 
trations of  the  substrate  L-Phe  (S)  with  or 
without  the  simultaneous  presence  of  L-Ala. 
In  order  to  increase  the  accuracy  of  the 
kinetic  analysis,  the  arithmetic  mean  be- 
tween the  initial  and  final  concentrations  of 
the  perfusates  was  used  for  a  numerical  cal- 
culation of  Vm  and  Kt  to  minimize  the  error 
which  may  arise  from  consumption  of  the 
substrate  (16).  The  Kt  derived  from  the 
slope  of  the  V  versus  V/S  plot  in  the  absence 
of  L-Ala  was  determined  to  be  3.0  mAf.  The 
apparent  Kt  value,  in  the  presence  of  40  mM 
L-Ala,  was  not  significantly  different,  indi- 
cating a  noncompetitive  type  of  inhibition. 
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2.  V  versus  V/S  plot  using  the  mean  intestinal  transport  rates  (V)  and  the  concentration  of  the  substrate 

^S)  in  the  perfusates.  In  the  insert,  the  same  data  were  used  for  the  plotting  of  a  Lineweaver-Burk  plot. 

circles  or  triangles  represent  points  obtained  for  intestinal  transport  rates  in  the  absence  of  L-Ala.  Open 

Is  are  values  derived  from  data  in  the  presence  of  40  vnM  L-Ala.  The  regression  lines  were  drawn  by  the 

)uares  method  (12). 


same   conclusion  could  be  obtained 

the  Lineweaver-Burk  plot.  A  statisti- 

umerical  estimate  of  the  Kt  applying 

inson's    fine    adjustment    calculations 

gave  a  value  of  2.40  mM  (SE  ±  1 .35) 

iiffers  without  L-Ala,  and  1 .87  mAf  (SE 

^2,/  =  0.39,  N.S.)  in  the  presence  of  L- 

under  the  conditions  stated  above. 

,  using  the  same  analytical  procedure, 

^^  for  the  perfusates  containing  no  l- 

^ave  a  value  of  10.08  nmole/min  x  cm 

±  2.74),  while  the  V„,  for  the  buffer 

lining  40  mAf  L-Ala  yielded  a  rate  of 

(SE  ±  0.68,  /  =  2.40,  P  <  0.05). 

5  figures  for  the  intestinal  transport  af- 

constants  Kt  are  somewhat  lower  than 

derived  from  in  vivo  studies  in  humans 

>ut  are  similar  to  those  reported  for  in 

experiments  with  rabbit  intestinal  mu- 

which  were  2.7  mA/  (2)  and  3.5  mAf 

espectively.  The  type  of  inhibition  ex- 

by  L-Ala  on  L-Phe  intestinal  transport 

was  ascertained  according  to  Dixon's 

lie  procedure  (17)  for  absorption  rates 

Phe  at  1  and  2  niAf  concentrations  in 

resence  of  increasing  levels  of  L-Ala.  A 

idental  Kt  value  of  48  mAf  was  ob- 

i. 

r  own  results  agree  with  previous  stud- 
i  substrate  interrelationships  in  the  ac- 
ransport  of  neutral  amino  acids  across 


the  intestinal  mucosa  (18-21).  The  L-Phe/L- 
Ala  pair  has  been  extensively  explored. 
Findings  indicating  that  the  maximal  influx 
of  L-Ala  was  greater  than  that  of  L-Phe  sug- 
gested to  previous  investigators  that  these 
two  amino  acids  could  not  be  sharing  all 
possible  mechanisms  of  intestinal  transport 
and  that  L-Ala  and  L-Phe  influxes  were  me- 
diated by  two  separate  carrier  systems  which 
did  not  differ  in  their  abilities  to  bind  these 
substances  (2,  4,  18).  Another  important 
consequence  of  these  studies  was  the  clear 
discrimination  between  binding  and  mem- 
brane translocation  as  two  independent 
processes.  These  concepts  are  now  con- 
firmed with  an  in  vivo  experimental  model. 
The  similarities  between  the  Kt  obtained  for 
L-Phe  in  the  rat  in  vivo  system  and  the  in 
vitro  rabbit  intestinal  mucosa,  if  not  an  indi- 
cator of  identity  in  the  binding  and  transport 
capacities  for  that  amino  acid  under  differ- 
ent physiological  conditions,  underscore  the 
comparable  order  of  magnitude  for  trans- 
port constants  determined  in  dissimilar  ex- 
perimental settings. 

The  effects  of  a  constant  20  to  1  molar 
ratio  of  L-Ala  to  other  essential  and  structur- 
ally related  amino  acids  on  their  intestinal 
absorption  rates  are  listed  in  Table  I.  The  l- 
Ala  excess  produced  significant  declines  in 
the  rates  of  intestinal  transport  for  (l-)  ly- 
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TABLE  I.  Intestinal  Absorption  Rates  of  l- 

Amino  Acids  in  the  Presence  of  a  20:1  Molar 

Ratio  for  L-ALANiNE:L-Amino  Acid. 


Absorption  rates 

(nmole/min  x  cm) 

Substance 

Without  L-Ala 

With  L-Ala 

Lysine" 

11.76  ±  0.64* 

6.92  ±  0.36' 

Histidine 

9.16  ±  0.28 

4.79  ±  0.45' 

Methionine 

10.23  ±  0.34 

8.41  ±  0.60^ 

Arginine 

8.10  ±  0.65 

9.08  ±  0.35 

Leucine 

9.38  ±  0.50 

9.32  ±  0.94 

Isoleucine 

8.10  ±  0.65 

8.02  ±  0.25 

Valine 

6.36  ±  0.36 

5.71  ±  0.41 

Tryptophan 

4.10  ±  0.30 

3.34  ±  0.42 

Tyrosine 

5.12  ±  0.48 

4.56  ±  0  32 

Threonine 

7.27  ±  0.57 

6.48  ±  0.43 

"  All  (l-)  amino  acids  were  perfused  at  a  2  vnM 
concentration,  l- Alanine  (L-Ala)  was  present  at  a  40 
mAf  concentration. 

*  The  absorption  rates  represent  means  ±  SE\  N  = 
1 6  or  more  determinations  for  each  substance  tested,  in 
the  absence  or  in  the  presence  of  the  inhibitor.  The 
significance  of  the  differences  was  checked  by  a  Stu- 
dent's /  test  (12). 

'  P  <  0.001. 

"/*  <  0.05. 

sine,  histidine,  and  methionine.  Conversely, 
40  mAf  L-Ala  had  no  effect  on  the  absorp- 
tion of  (l-)  arginine,  leucine,  isoleucine,  iso- 
leucine, valine,  tryptophan,  threonine,  and 
tyrosine,  when  perfused  at  2  mAf  levels. 
These  results  may  indicate  that  the  common 
transport  mechanism  for  neutral  amino 
acids  is  also  operative  for  positively  charged 
amino  acids  and  that  the  proportion  of  the 
translocation  load  for  these  substances  is 
based  toward  the  common  carrier.  The  het- 
erogeneity in  the  transport  capacity  of  di- 
basic amino  acids,  suggested  by  the  variety 
of  cystinurias  and  dibasic  aminoacidurias 
described  in  the  literature  (22),  encourages 
a  similar  speculation  for  neutral  amino 
acids,  that  is,  the  coexistence  of  common 
and  specific  carrier  systems,  either  as  sepa- 
rate entities  or  as  discrete  active  sites  on  the 
same  proteins. 

In  another  series  of  experiments,  the  ef- 
fects of  galactose  were  tested  by  itself  or  in 
conjunction  with  40  mAf  L-Ala  (Table  II). 
While  this  amino  acid  consistently  produced 
a  decline  in  the  absorption  rates  of  L-Phe, 
galactose  alone  had  only  minimal  conse- 
quences. However,  the  simultaneous  perfu- 
sion of  both  substances  produced  an  addi- 
tive effect  and  a  reduction  of  the  absorption 
rates  to  almost  half  the  baseline  values.  This 


action  could  not  be  attributed  to  a  lower 
sodium  concentration  since  an  equivalent 
molarity  of  mannitol  had  no  action  on  L-Phe 
absorption  rates.  In  addition,  the  absolute 
requirement  of  the  amino  group  in  the  alpha 
position  was  confirmed,  since  /3-alanine  in 
comparable  concentrations  had  no  influence 
on  the  transport  of  L-Phe  by  the  small  intes- 
tine of  the  rat. 

Since  there  is  general  agreement  to  as- 
sume the  existence  of  specific  sites  or  trans- 
port systems  in  addition  to  common  carriers 
for  neutral  amino  acid  translocation  (1-6), 
simultaneous  inhibition  of  both  the  specific 
and  the  nonspecific  translocation  pathways 
would  be  required  for  a  virtual  shut  off  of  l- 
Phe  transport.  In  the  experiments  reported 
here,  specialized  mechanisms  appeared  re- 
sponsible for  the  bulk  of  intestinal  amino 
acid  absorption,  since  a  large  molar  excess 
of  a  potential  inhibitor  such  as  L-AIa  pro- 
duced only  limited  effects. 

It  is  difficult  to  discriminate  under  experi- 
mental conditions  in  vivo  the  role  of  sepa- 
rate carrier  systems  available  for  the  intes- 
tinal transport  of  L-amino  acids.  Kinetic 
studies  reveal  the  physiological  options  ex- 
isting at  the  intestinal  mucosa  surface.  The 
lack  of  a  competitive  type  of  inhibition  for  l- 
Ala  over  L-Phe  can  be  taken  as  evidence  of 
the  multiplicity  of  active  sites  available  for 
the  translocation  of  neutral  amino  acids.  A 
more  effective  control  of  L-Phe  absorption 
may  come  from  the  use  of  selective,  specific, 
antagonists  such  as  j3-thienyl-DL-alanine 
or  L-dihydroxyphenylalanine,  as  we  have 
shown  in  previous  studies  (23),  in  addition 

TABLE  II.  Effects  of  Various  Substances  on 

THE  Intestinal  Absorption  Rates  of  2  mAf  l- 

PHE. 


Absorption 

rates  (nmole/ 

Additions 

min  X  cm) 

Change  (%) 

None 

6.22  ±  0.30" 



40  mAf  L-Ala 

4.23  ±  0.43 

-32.0^ 

40  vnM  galactose 

5.52  ±  0.56 

-11.3 

40  mA/  L-Ala  -i-  40 

3.19  ±  0.36 

-48.8- 

mAf  galactose 

80  mAf  mannitol 

6.96  ±  0.10 

+  11.9 

40  mAf  /3-alanine 

6.16  ±  0.32 

-1.0 

"  Conditions,  number  of  determinations,  and  signifi- 
cance, as  in  Table  1. 
*/*  <  0.01. 
'  P  <  0.001. 
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3ncompetitive  agents  of  low  toxicity 
as  L-Ala.  Therefore,  unless  a  consider- 
reduction  of  both  specific  and  nonspe- 

intestinal  transport  systems  can  be 
ved  by  the  use  of  appropriate  antago- 

the  clinical  significance  of  the  effects 
r  described  will  remain  very  limited  in 

mmary.  The  intestinal  transport  of  l- 
rom  1  and  2  mAf  solutions  in  the  pres- 
of  variable  concentrations  of  L-Ala  was 
^9  with  an  in  vivo  technique  utilizing 
n  long  jejunal  segments  in  anesthetized 
The  simultaneous  perfusion  of  L-AIa 
ited  the  absorption  of  L-Phe  when  the 
r  ratio  L-Ala :L-Phe  was  10:1  or  higher, 
esults  suggested  a  noncompetitive  type 
libition  under  the  experimental  condi- 
described.  Other  essential  amino  acids 
as  L-lysine,  L-histidine,  and  L-methio- 
at  2  niAf  concentrations  were  also  sig- 
ntly  inhibited  by  40  mAf  L-Ala.  These 
are  consistent  with  the  presence  of  two 
r  transport  mechanisms  for  neutral 
3  acids  in  the  intestinal  mucosa:  a  com- 
one  which  can  be  blocked  by  large 
;ntrations  of  L-Ala,  and  a  specific  site 
Tier  which  is  not  affected  by  this  inhib- 
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The  autonomic  nervous  system  has  a  role 
in  the  regulation  of  the  placental  blood 
flows  in  the  sheep.  One  of  the  most  distinc- 
tive responses  of  the  uterine  vascular  bed  is 
a  vasoconstriction  when  exposed  to  norepi- 
nephrine (3).  Barrett  et  al.  (2)  showed  that 
the  fetal  renal  and  umbilical  circulations 
both  reacted  to  methoxamine  with  a  de- 
creased flow  in  the  face  of  an  increased 
arterial  pressure,  thereby  indicating  that  al- 
pha receptors  are  present  in  these  vascular 
beds.  In  contrast  to  this  report  Novy  et  al. 
(9)  observed  that  the  umbilical  circulation 
of  the  fetal  sheep  does  not  show  a  vasocon- 
striction in  response  to  norepinephrine.  This 
result  is  difficult  to  interpret  as  it  is  unlikely 
that  norepinephrine  would  fail  to  elicit  re- 
sponses from  alpha  receptors  if  these  recep- 
tors are  present  in  the  umbilical  circulation. 
In  an  attempt  to  clarify  this  question  we 
have  performed  a  series  of  experiments  in 
which  we  examined  the  effect  of  norepi- 
nephrine on  the  renal  and  placental  circula- 
tions of  near-term  sheep  fetuses. 

Methods.  Nine  pregnant  sheep  with  gesta- 
tional ages  ranging  from  120  to  138  days 
were  used  in  this  study  (term  =  ca.  145 
days).  The  sheep  were  sedated  with  Nembu- 
tal (5  mg/kg)  intravenously  and  given  spinal 
anesthesia  (4-8  mg  tetracaine  hydrochlo- 
ride). 

Polyvinyl  catheters  (i.d.  0.58  mm)  were 
placed  into  a  superficial  artery  of  the  mater- 
nal hind  limb  and  advanced  20  cm  at  which 
point  the  tip  was  in  the  maternal  femoral 
artery.  The  abdomen  was  opened  and  cathe- 
ters of  the  same  type  were  placed  in  a  fetal 
hind  limb  artery  and  vein  in  the  manner  that 
is  described  by  Rankin  et  al.  (10).  A  cathe- 
ter was  attached  to  the  fetal  hind  limb  so 
that  amniotic  fluid  pressures  could  be  mea- 
sured. The  maternal  left  ventricle  was  cath- 
eterized  with  a  combination  PE200  catheter 
encompassing  a  polyvinyl  catheter  in  a  man- 
ner previously  described  (12).  An  electro- 


magnetic flow  transducer  was  placed  on  one 
of  the  middle  uterine  arteries  in  a  manner 
which  is  described  by  Raye  et  al.  (13).  The 
flow  transducer  leads,  maternal  femoral 
catheter,  and  fetal  catheters  were  brought  to 
the  flank  through  a  subcutaneous  tunnel  and 
sealed  in  a  pouch.  The  maternal  carotid 
catheter  was  sealed  in  a  bandage  around  the 
neck.  Each  ewe  received  penicillin  300,000 
units  and  streptomycin  0.5  mg  im  each  day 
following  surgery. 

Protocol.  One  to  three  days  pK)stopera- 
tively  the  ewes  were  placed  in  a  stanchion  in 
the  laboratory  and  permitted  to  stabilize  for 
2  hr.  The  fetal  venous  and  arterial  and  ma- 
ternal arterial  blood  pressures  were  moni- 
tored by  blood  pressure  transducers  (Sta- 
tham  P23Db)  with  the  zero  reference  at  the 
level  of  the  scapulo  humeral  joint.  The  flow 
in  the  middle  uterine  artery  was  recorded 
via  a  Micron  RCIOOO  flowmeter  and  all 
signals  were  recorded  on  a  Beckman  R411 
recorder.  Fetal  and  maternal  bloods  were 
drawn  on  several  occasions  for  blood  gas 
determinations.  All  experiments  were  per- 
formed on  animals  in  which  the  fetal  arterial 
pH  was  greater  than  7.3. 

At  the  end  of  the  stabilization  period  the 
distribution  of  the  maternal  and  fetal  blood 
flows  was  measured  with  25-fim  radioactive 
microspheres  (3M  Company)  using  the 
method  of  Makowski  et  al.  (8).  Spheres  la- 
beled with  separate  isotopes  were  simulta- 
neously injected  into  the  fetal  hind  limb  vein 
and  the  maternal  left  ventricular  catheters. 
The  catheters  (dead  space  =  0.2  ml)  were 
then  flushed  with  3  ml  of  saline.  At  the  same 
time  arterial  blood  was  drawn  from  the  fetal 
hind  limb  artery  and  the  maternal  femoral 
artery  into  2  m  of  PE205  tubing.  The  with- 
drawal rate  was  2.1  ml/min  for  fetal  blood 
and  3.8  ml/min  for  maternal  blood.  The 
withdrawal  continued  for  45  sec  after  the 
completion  of  the  microsphere  injection. 
The  blood  contained  in  the  PE205  tubing 
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m  forcibly  ejected  into  wide  glass 
g  vials  for  subsequent  assay, 
pinephrine  (Levophed,  Winthrop)  in 
of  dosages  was  then  injected  into  the 
Tib  vein  catheter  and  the  catheter 
with  2  ml  of  saline.  One  and  a  half 
»  later  the  distribution  of  the  fetal 
iternal  blood  flows  was  measured 
/ith  spheres  labeled  with  a  further 
topes.  Precautions  taken  during  the 
g  of  catecholamines  were  based  on 
^mmendations  of  Barton  et  aL  (3). 
reparation  was  given  microspheres 
ir  different  radioactive  labels,  these 
»Ce,  »^Sr,  '251,  and  ^Nb. 
s  possible  to  give  several  injections 
pinephrine  to  each  sheep  in  order  to 
the  pressor  and  flowmeter  re- 
although  only  two  simultaneous  ob- 
•ns  of  the  maternal  and  fetal  blood 
mid  be  made  with  the  microspheres, 
e  cases  the  normal  response  of  the 
vasculature  was  established  by  ob- 
the  effect  of  a  test  injection  of  50  /xg 
pinephrine  given  via  the  left  ventric- 
heter  on  the  uterine  blood  flow  as 
d  with  the  flowmeter.  The  alpha  re- 
of  the  fetal  circulation  were  then 
with  phenoxybenzamine  (Dibenzy- 
administering  25  mg  of  this  agent 
period  of  10  min  through  the  hind 
in  catheter.  After  a  delay  of  45  min 
ction  of  norepinephrine  was  then 
)  the  fetus,  and  the  fetal  and  mater- 
>onses  were  recorded.  The  uterine 
ure  was  again  tested  with  50  /xg  of 
ephrine  administered  via  the  left 
liar  catheter  to  determine  whether 
this  circulation  was  affected  by  the 
/benzamine. 

e  end  of  the  experiment  the  animal 
rificed,  and  the  maternal  kidneys, 
nd  uterus  were  removed  for  radioac- 
iy.  The  uterus  was  opened  and  the 
ms,  membranes,  and  fetal  kidneys 
J  as  previously  described  (11).  The 
ivere  homogenized  and  aliquots  of 
logenate  were  placed  in  wide,  glass 
5  vials  for  assay.  The  integrated  arte- 
)d  samples  and  vials  containing  the 
imples  were  counted  on  a  three- 
Nuclear  Chicago  1185  gamma 
and  data  reduction  performed  via 


an  interactive  terminal  in  our  laboratory. 
Details  of  this  technique  have  been  de- 
scribed previously  (6).  The  resistance  of  the 
maternal  organs  was  calculated  by  dividing 
the  maternal  arterial  pressure  by  the  blood 
flow  to  that  organ.  The  resistance  of  fetal 
organs  was  calculated  by  subtracting  the  fe- 
tal venous  pressure  from  the  fetal  arterial 
pressure  and  dividing  the  result  by  the  organ 
blood  flow.  This  procedure  does  not  differ- 
entiate between  changes  in  the  hepatic  re- 
sistance and  changes  in  the  resistance  of  the 
placental  vascular  beds  but  Barrett  et  al.  (2) 
have  shown  that  methoxamine  does  not 
cause  a  constriction  of  the  hepatic  vascula- 
ture. We  have  therefore  assumed  that 
changes  in  the  pressure  in  the  cord  veins  will 
be  closely  mirrored  by  changes  in  inferior 
caval  pressure .  The  statistical  significance  of 
the  differences  between  control  and  treat- 
ment means  were  evaluated  by  the  paired 
Student's/  test. 

Results,  Fetal  responses.  The  responses  of 
the  fetal  circulations  of  seven  sheep  are  pre- 
sented in  Table  I.  It  can  be  seen  that  the 
dosage  of  norepinephrine  varied  widely.  We 
introduced  this  variation  in  an  attempt  to 
construct  a  dose  response  curve  relating  the 
amount  of  norepinephrine  injected  to  the 
fetus  and  the  maternal  response,  but  were 
not  able  to  observe  a  consistent  relationship 
between  the  amount  of  norepinephrine  and 
the  response  of  the  mother.  The  fetal  arte- 
rial pressure  always  increased  secondary  to 
the  injection  of  norepinephrine  to  the  fetus. 
Mean  fetal  arterial  pressure  in  the  control 
period  was  36  mm  Hg  which  rose  to  67  mm 
Hg,  a  change  which  was  highly  significant 
(P<  0.001).  The  fetal  venous  pressure  rose 
secondary  to  the  injection  of  norepineph- 
rine into  the  fetus.  The  control  value  was 
5.5  mm  Hg  and  the  test  value  was  11  mm 
Hg  (P  <  0.001).  We  could  observe  no 
change  in  the  amniotic  fluid  pressure  when 
norepinephrine  was  given  to  the  fetus.  The 
transplacental  pressure  drop  was  calculated 
as  the  fetal  arterial  minus  fetal  venous  pres- 
sure. The  mean  control  value  for  this  pa- 
rameter was  30.4  mm  Hg  and  it  rose  to  56 
mm  Hg  secondary  to  the  injection  of  norepi- 
nephrine to  the  fetus.  This  difference  is  sig- 
nificant (P  <  0.001). 

The  umbilical  blood  flow  changed  when 
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TABLE  L  The  Fetal  Weight,  Amount  of  Norepinephrine  Injected,  Fetal  Arterial  Minus  Venous 

Pressures  and  Vascular  Resistances  of  the  Fetal  Cotyledonary,  Renal,  hnd  Placental  Membrane 

Circulations  as  Measured  wtth  Radioactive  Microspheres  before  (Control)  and  after  (Test) 

Eight  Injections  of  Norepinephrine  to  Seven  Fetuses. 


Pressures  (mm 

Hg)  Fetal  arterial 

-  Fetal  venous 

Vascular  resistances  (mm  Hg  x 

min/ml  x 

kg) 

Sheep 

dnd  in- 

Fetal 
weight 

Dose  in- 
jected 

I  Imh*li'*^l 

^Qf^^\ 

Meir^^'*'^'- 

jection 

^lilLT 

number 

(kg) 

(Mg/kg) 

Control 

Test 

Control 

Test 

Control 

Test 

Control 

Test 

1 

3.6 

27 

37 

60 

0.220 

0.583 

6.38 

9.00 

6.07 

4.80 

3a 

2.5 

80 

27 

56 

0.165 

0.255 

3.75 

14.93 

3.55 

14.00 

3bP 

2.5 

120 

27 

55 

0.135 

0.374 

4.22 

13.03 

2.81 

13.75 

4 

4.0 

50 

29 

50 

0.181 

0.385 

3.41 

14.66 

1.35 

3.62 

5 

3.5 

29 

37 

56 

0.214 

0.675 

4.81 

11.64 

2.19 

19.31 

6 

2.6 

77 

27 

55 

0.172 

1.309 

2.60 

21.15 

1.71 

28.95 

7 

2.3 

22 

28 

54 

0.215 

1.200 

2.92 

18.49 

2.15 

24.55 

8 

3.9 

26 

32 

60 

0.123 

0.870 

2.22 

27.03 

2.12 

33.33 

Mean 

3.1 

54 

30 

56 

0.178 

0.706 

3.79 

16.24 

2.74 

17.79 

SD± 

0.7 

4.3 

3.2 

0.037 

0.390 

1.35 

5.78 

1.50 

10.7Q 

P  <  0.001 

P  <  0.003 

P  <  0.001 

P  <  0.004 

**  Two  sets  of  observations  were  made  with  sheep  3 . 

norepinephrine  was  injected  into  the  fetus. 
The  control  value  for  the  umbilical  blood 
flow  was  177  ml/min/kg,  and  the  value  ob- 
tained after  the  injection  of  norepinephrine 
into  the  fetus  was  105  ml/min/kg  fetus.  This 
change  was  significant  (P  <  0.001).  The  fall 
in  umbilical  blood  flow  was  rendered  more 
impressive  when  it  was  considered  in  terms 
of  the  rise  in  arterial  minus  venous  pressure. 
The  umbilical  vascular  resistances  are  given 
in  Table  I  and  changed  from  a  control  mean 
of  0.178  mm  Hg  x  min/ml  x  kg  fetus  to 
0.706  mm  Hg  x  min/ml  x  kg  fetus  after 
norepinephrine  (P  <  0.003).  It  can  be  con- 
cluded that  the  administration  of  norepi- 
nephrine to  the  fetus  causes  a  vasoconstric- 
tion in  the  umbilical  circulation.  The  renal 
flow  changed  from  a  mean  value  of  8.75  ml/ 
min/kg  to  4.43  ml/min/kg  fetus  (P  < 
0.004).  The  decrease  in  flow  and  the  in- 
crease in  blood  pressure  indicated  vasocon- 
striction. There  was  also  vasoconstriction  of 
the  fetal  membranes  in  which  the  flow 
changed  from  a  mean  value  of  13.2  ml/min/ 
kg  to  5.4  ml/min/kg  (P  <  0.008).  Data 
pertaining  to  the  resistance  of  the  fetal  renal 
and  placental  membrane  vascular  beds  are 
given  in  Table  I. 

An  example  of  the  changes  in  fetal  arte- 
rial and  venous  pressure  that  we  observed  is 
given  in  Fig.  1.  The  output  of  the  electro- 
magnetic flowmeter  and  the  maternal  arte- 


rial pressure  are  also  displayed  in  the  figure. 
At  the  right  of  the  figure  the  unmeaned 
signals  are  given  at  a  higher  paper  speed. 

In  the  five  animals  to  which  phenoxybenz- 
amine  was  given  to  the  fetus,  we  could  ob- 
serve no  fetal  pressor  response  nor  change 
in  fetal  venous  pressure  secondary  to  the 
injection  of  norepinephrine.  The  fetal  arte- 
rial pressure  either  remained  constant  or 
decreased  slightly. 

Maternal  responses.  Thirty-five  injections 
of  norepinephrine  were  given  to  the  fetuses 
of  nine  sheep.  In  29  cases  the  uterine  blood 
flow  was  observed  to  fall  subsequent  to  the 
injection  of  norepinephrine  to  the  fetus.  In 
the  six  cases  in  which  no  responses  were 
observed,  five  were  injections  given  subse- 
quent to  phenoxybenzamine  blockade  and 
one  was  an  injection  given  to  a  fetus  which 
was  severely  acidotic.  An  example  of  the 
normal  response  is  shown  in  Fig.  1 .  It  can  be 
seen  that  the  uterine  blood  flow  begins  to 
fall  with  the  onset  of  the  fetal  pressor  re- 
sponse and  remains  at  lower  than  normal 
levels  for  the  duration  of  the  fetal  pressor 
response.  In  five  cases  the  regional  maternal 
blood  flows  were  quantitated  with  radioac- 
tive microspheres  before  and  during  this  re- 
sponse. The  changes  in  the  cotyledonan 
and  noncotyledonary  uterine  flows  were 
compared  with  the  responses  of  the  mater- 
nal kidney,  heart,  and  brain.  These  results 
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Table  II.  It  can  be  seen  that 
nephrine  was  given  to  the  fetus 
significant  change  in  the  mater- 
jressure,  maternal  kidney  flow, 
onary  flow,  nor  maternal  brain 
)ncotyledonary  uterine  flow  did 
significantly.  The  only  signifi- 
^as  that  the  cotyledonary  blood 
i  from  a  mean  value  of  778  ml/ 
le  of  61 1  ml/min  at  the  peak  of 
.  This  change  is  significant  (P  = 

It  of  the  electromagnetic  flow- 
the  pressure  recordings  were 
ilate  the  uterine  vascular  resist- 


ance before  and  after  the  postblockade  in- 
jection of  norepinephrine  in  the  fetuses  of 
sheep  2,3,4,5,  and  7.  The  ratios  of  uterine 
resistance  before  and  the  uterine  resistance 
after  giving  norepinephrine  to  these  fetuses 
were  1.00,  1.17,  0.94,  1.00,  and  0.83,  re- 
spectively, with  a  mean  value  of  1.0.  These 
data  indicate  that  there  was  no  change  in  the 
uterine  vascular  resistance  subsequent  to 
the  injection  of  norepinephrine  to  the  fetus 
after  the  fetal  circulation  was  blocked  with 
phenoxybenzamine . 

The  response  of  the  maternal  placental 
blood  flow  to  norepinephrine  administered 
to  the  mother  was  observed  in  the  same  five 
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ct  of  administering  50  pig  of  norepinephrine  to  the  fetus.  The  uterine  blood  flow,  fetal  arterial 
enous  pressure,  and  maternal  arterial  pressure  are  shown  as  they  were  observed  in  sheep  number  7 
on  of  50  pig  of  norepinephrine  to  the  fetal  vein.  The  undamped  signals  are  shown  in  an  expanded 
le  right-hand  side. 


Measurement  of  Renal,  Coronary,  Brain,  Cotyledonary,  and  Noncotyledonary  Blood 
3E  WFTH  Radioactive  Microspheres  in  Five  Pregnant  Ewes  before  (Control)  and  after 
(Test)  the  Administration  of  Norepinephrine  to  the  Fetus. 


terial  pres- 
i  (mm  Hg) 

Kidney  flow 
(ml/min) 

Coronary  flow 
(ml/min) 

Brain  flow  (ml/ 
min) 

Cotyledonary 
flow  (ml/min) 

Noncotyledon- 
ary uterine 
flow  (ml/min) 

n- 

)1        Test 

Con- 
trol       Test 

Con- 
trol       Test 

Con- 
trol       Test 

Con- 
trol       Test 

Con- 
trol       Test 

8         88 
1          81 
4         72 
0        100 
8         72 

4         83 
0          12 

NS 

454         465 
394         580 
930       1010 
540         527 
798         781 

623         673 
250         223 

NS 

318         117 

47           58 

154         167 

225         232 

186         143 
114           74 

NS 

62           53 
27           39 
51           60 
62           57 

51           52 
17          9.3 

NS 

786         695 
658         355 
908         886 
522         399 
1017         721 

778         611 
196         227 
P  <  0.023 

148         139 
119         183 
251         260 
137         178 
324         425 

196         237 
88         114 

NS 
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sheep.  When  50  fig  of  norepinephrine  was 
given  to  the  maternal  left  ventricle  of  these 
animals  before  fetal  blockade,  the  uterine 
blood  flow  decreased  an  average  of  67%. 
After  the  fetal  circulation  was  blocked  with 
phenoxybenzamine,  the  administration  of 
norepinephrine  to  the  mother  caused  the 
uterine  flow  to  decrease  an  average  of  64%. 
The  difference  between  these  two  responses 
was  not  significant. 

Discussion.  Archie  et  al,  (1)  have  dis- 
cussed in  depth  the  validity  of  the  radioac- 
tive microsphere  technique  in  the  measure- 
ment of  organ  blood  flows.  Buckberg  et  al. 
(5)  have  described  the  possible  errors  in  the 
technique  and  point  out  that  at  least  400 
microspheres  should  be  in  each  sample  if 
statistical  errors  are  to  be  acceptably  low. 
We  had  at  least  400  microspheres  in  each  of 
our  integrated  arterial  samples  and  the  use 
of  five  aliquots  of  the  organ  homogenates 
meant  that  we  had  at  least  400  microspheres 
in  the  total  tissue  mass  assayed  from  each 
organ . 

It  is  probable  that  the  lowest  dose  of  nor- 
epinephrine used  was  maximal  or  supramax- 
imal because  all  fetuses  responded  with 
strong  vasoconstriction  in  the  umbilical  and 
renal  vascular  beds.  The  dose  dependent 
nature  of  the  response  would  therefore  not 
be  apparent  in  the  range  used  in  this  study. 
The  phenoxybenzamine  blockade  of  the  fe- 
tal circulation  was  apparently  effective  at  45 
min  after  the  administration  of  this  drug, 
because  norepinephrine  did  not  elicit  a  pres- 
sor response  at  that  time  even  though  com- 
plete alpha  receptor  blockade  in  the  adult 
requires  up  to  2  hr. 

The  fetal  pressor  response  to  norepineph- 
rine is  in  accordance  with  the  results  ob- 
tained by  Novy  et  al.  (9).  The  changes  in 
peripheral  resistance  that  we  observed  in 
the  fetal  circulation  are  not  in  agreement 
with  the  established  literature.  We  know  of 
no  previous  description  of  the  effect  of  nor- 
epinephrine on  the  fetal  kidney  but  we  ob- 
served a  vasoconstriction  in  this  organ  when 
norepinephrine  was  given  to  the  fetus.  This 
observation  confirms  the  presence  of  alpha 
receptors  in  the  fetal  kidney  as  postulated 
by  Barrett  et  al.  (2).  We  found  that  the 
umbilical  vascular  bed  responded  to  norepi- 
nephrine with  vasoconstriction  which  is  also 
w  agreement  with  the  work  of  Barrett  et  al. 


(2)  but  not  in  agreement  with  the  work  of 
No\y  etal.  (9). 

There  are  three  possible  reasons  for  this 
disagreement.  In  the  first  case  the  dose  lev- 
els were  different.  Novy  et  al.  used  lower 
dose  levels  than  were  used  in  our  studies 
and  the  responses  may  not  be  observable  in 
the  lower  range.  In  the  second  case,  Novy  e/ 
al.  worked  with  acute  preparations  which 
may  have  already  been  under  maximum  cat- 
echolamine stimulation.  A  third  possible 
reason  for  the  discrepancy  is  that  prosta- 
glandins seem  to  act  as  modulators  of  auto- 
nomic effector  sites.  Prostaglandins  of  the  E 
series  tend  to  diminish  the  cardiovascular 
responses  to  norepinephrine  (4,  7).  In  a 
previous  series  we  found  that  in  adult  sheep 
the  norepinephrine-induced  uterine  placen- 
tal vasoconstriction  was  severely  depressed 
for  over  an  hour  after  the  administration  of 
prostaglandin  E2.  This  depression  of  alpha 
adrenergic  activity  persisted  long  after  the 
blood  pressure  and  heart  rate  had  returned 
to  normal.  Novy  et  al.  gave  PGE2  and  nor- 
epinephrine to  each  animal  and  the  re- 
sponses to  norepinephrine  would  have  been 
abnormally  small  in  those  cases  where  FGEj 
administration  preceded  the  norepinephrine 
administration. 

The  changes  in  the  uterine  blood  flow  that 
we  observed  secondary  to  the  injection  of 
norepinephrine  to  the  fetus  are  purely  local 
phenomena.  Concomitant  changes  are  not 
seen  in  the  maternal  blood  pressure  or  in  the 
maternal  brain,  kidney,  coronary,  or  even 
noncotyledonary  uterine  flow. 

The  mechanism  of  this  change  in  uterine 
blood  flow  is  not  as  obvious  as  would  first 
appear.  The  first  conclusion  upon  examin- 
ing the  data  is  to  ascribe  the  change  in  the 
uterine  flow  to  the  transplacental  flux  of 
small  amounts  of  norepinephrine  which  lo- 
cally affected  alpha  recep  tors  in  the  mater- 
nal uterine  circulation.  If  this  had  happened 
then  giving  phenoxybenzamine  to  the  fetus 
would  have  either  had  no  effect  on  the  uter- 
ine response  to  fetal  norepinephrine  or 
blocked  part  of  the  uterine  vasculature.  We 
observed  that  phenoxybenzamine  abolished 
the  uterine  response  to  fetal  norepinephrine 
but  caused  no  change  in  the  uterine  re- 
sponse to  maternal  norepinephrine.  We 
conclude  that  the  response  of  the  uterine 
vascular  bed  to  the  injection  of  norepineph- 
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'  the  fetus  may  not  be  due  to  the  direct 
of  norepinephrine  on  the  uterine  vas- 
re. 

\mary.  The  administration  of  norepi- 
ne  (50  /Ltg/kg)  to  the  fetuses  of  nine 
caused  an  increase  in  fetal  arterial 
re  (Control  =  30  mm  Hg;  Test  =  56 
g;  P  <  0.001)  and  vasoconstriction  in 
:al  kidney  (Control  =  3.79  mm  Hg  x 
1  X  kg;  Test  =  16.24  mm  Hg  x  min/ 
eg;  P  <  0.001),  placental  membranes 
ol  =  2.74  mm  Hg  x  min/ml  x  kg; 
=  17.79  mm  Hg  x  min/ml  x  kg;  P  < 
I,  and  fetal  cotyledons  (Control  = 
mm  Hg  X  min/ml  x  kg;  Test  =  0.706 
g  X  min/ml  x  kg;  P  <  0.003).  These 
indicate  the  presence  of  alpha  recep- 
these  organs.  The  uterine  blood  flow 
bsequent  to  the  injection  of  norepi- 
ne  to  the  fetus  and  this  response  was 
led  by  phenoxybenzamine  blockade 
;  circulation  of  four  fetuses  even 
I  we  could  demonstrate  no  phenoxy- 
nine  blockade  in  the  uterine  circula- 
'  these  animals. 
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The  importance  of  free  sulfhydryl  groups 
in  maintaining  red  blood  cell  (RBC)  mem- 
brane structure  and  function  has  been  ex- 
tensively studied,  employing  N-ethylmal- 
eimide  (NEM)  and  other  agents  (1-3). 
NEM  produces  a  rapid  reduction  in  RBC 
filterability  (4)  and  a  loss  in  RBC  viability 
(5).  RBC  membrane  polypeptides  reacting 
with  [*^C]NEM  have  been  compared  with 
those  reacting  with  [^'^CJiodoacetamide  (lA) 
by  polyacrylamide  gel  electrophoresis  con- 
taining sodium  dodecyl  sulfate  (PAGE 
SDS)  (6,  7).  I A  at  low  concentrations  pro- 
duces specific  labeling  of  glyceraldehyde- 
3-phosphate  dehydrogenase  (G3PD), 
whereas  NEM  at  similar  levels  or  lA  at 
higher  concentrations  binds  with  less  speci- 
ficity to  many  membrane  components  (7). 
Here  we  compare  the  effects  of  NEM  with 
those  of  lA  on  RBC  membrane  polypefv 
tides,  G3PD,  ATP  levels,  and  filterability. 

Methods.  Using  aseptic  technique,  hepa- 
rinized  whole  blood  was  freshly  obtained 
from  normal  healthy  donors,  centrifuged 
(1200  g,  10  min),  and  the  plasma,  buffy 
coat,  and  top  one-fifth  of  the  RBC  re- 
moved. Similar  efforts  to  remove  white  cells 
were  made  after  three  subsequent  washes 
of  the  RBC  with  Dulbecco's  phosphate 
buffered  saline  (PBS)  (8).  Cell  counts  were 
performed  on  50%  RBC  suspensions  with  a 
Coulter  model  S  cell  counter  and  the  RBC 
were  observed  under  phase  microscopy.  Al- 
iquots  of  RBC  were  measured  in  this  stand- 
ard freshly  washed  state,  so  that  volume 
changes  induced  by  incubation  would  not  be 
a  factor  in  measurements  reported.  Washed 
RBC  were  incubated  with  two  volumes  of 
10  mAf  lA  or  10  mAf  NEM  in  PBS,  for  2  hr 
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at  37°  to  obtain  maximal  effect  with  less 
than  1%  hemolysis  (5).  For  labeling  experi- 
ments [»^C1NEM  and  I A  10  mCi/mmole 
were  used  (New  England  Nuclear).  RBC 
filtration  employed  the  method  of  Teitel  et 
al.  (4)  employing  9-cm  Schleicher  and 
Schuell  No.  589  white  band  filter  paper  at 
25**  using  twice-washed  cells,  at  50%  hema- 
tocrit in  PBS.  RBC  membranes  were  pre- 
pared by  the  method  of  Dodge  et  al,  (9)  as 
modified  by  Fairbanks  e/  al.  (10).  To  meas- 
ure total  membrane  protein,  RBC  were 
hemolyzed  with  exactly  60  volumes  of  0.005 
M  phosphate  buffer,  pH  8,  centrifuged  for 
30  min  at  80,000  g,  and  the  pellet  collected 
and  brought  to  standard  volume.  Total  pro- 
tein was  measured  by  the  Lowry  procedure 
(11),  hemoglobin  by  the  benzidine  method 
(12),  and  nonhemoglobin  protein  reported 
as  the  difference.  Prior  to  electrophoresis 
the  protein  was  dissolved  in  1%  SDS,  con- 
taining 1%  mercaptoethanol,  and  heated  to 
100°  for  2  min  to  destroy  proteases.  SDS 
PAGE  of  from  10-300  /itg  of  protein  was 
performed  on  0.5  x  10-cm  gels.  The  gels, 
containing  5%  acrylamide  in  0.1  %  SDS  and 
0.1  M  phosphate  buffer,  pH  7,  were  run  at 
25°  (10  m A/tube),  stained  for  proteins  with 
Coomassie  blue  (10),  and  the  relative 
amounts  of  protein  components  were  deter- 
mined on  a  Canalco  gel  scanner.  Autora- 
diography of  [»^C]NEM-  and  ['^CJIA-la- 
beled  polypeptides  was  performed  on  longi- 
tudinally sliced  gels,  which  were  dried  on 
filter  paper  (13),  and  wrapped  with  Kodak 
no-screen  film  for  28  days.  The  autoradi- 
ograms  were  scanned  and  compared  with 
the  PAGE  SDS  protein  scan.  G3PD  was 
assayed  on  isolated  membranes,  one  unit  of 
actively  reducing  1  /itmole/min  of  nicotina- 
mide-adenine dinucleotide  at  25°  (14),  and 
ATP  concentrations  were  determined  enzy- 
matically  (15)  using  a  Gilford  spectropho- 
tometer. 
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TABLE  I.  Effects  of  RBC  Incubation  in  PBS,  NEM,  and  IA/» 


G3PI>  (units/mg 
membrane  pro- 
tein) 


ATP*  (umole/dl 
RBC) 


Nonhemoelobin 

protein'  (g  x 

10-'=/ceU) 


1/2  Filtration 
time*  (min) 


PBS  (0  time) 
PBS  (2  hr  control) 
N-Ethylmaleimide 
lodoacetamide 


1.8  ±  0.3 
1.4  ±  0.1 

0 

0 


96.25  ±  3.5 
94.0  ±  1.0 
56.8  ±  2.2 
55.8  ±  3.5 


9.9  ±  0.3 

10.0  ±  0.8 

13.1  ±  0.7 
9.2  ±  0.4 


4.5  ±  1 
4.3  ±  1 

X 

5.0  ±  1 


«  Two  volumes  of  10  mM  inhibitor.  37^  pH  7.4,  2  h). 
*  Mean  from  four  individual  determinations  ±  SD. 
''  Mean  from  six  individual  determination  ±  SD. 


Results.  Table  I  compares  the  G3PD  ac- 
uity, ATP  levels,  and  RBC  membrane  pro- 
in  content  with  RBC  filtration  of  control 
BC,  RBC  incubated  for  2  hr  at  37**  in  PBS, 
•  in  two  volumes  of  10  mA/  NEM  or  lA. 
oth  NEM  and  I A  completely  inactivated 
e  G3PD,  and  produced  a  similar  40% 
duction  in  ATP  levels.  While  this  decrease 

ATP  was  identical,  NEM  markedly  in- 
bited  RBC  filtration  whereas  lA  did  not 
'able  I).  Thus,  the  decrease  in  fihration 
te  with  NEM  cannot  be  ascribed  to  effects 
I  ATP.  The  modification  by  NEM  of  the 
EC  membrane  was  confirmed  by  the  in- 
eased  amounts  of  nonhemoglobin  protein 
T  RBC  membrane  isolated  (P  <  0.005, 
f  the  Student's  /  test).  Membranes  from 
EM-treated  RBC  were  noted  to  pack  bet- 
r  than  those  from  control  cells,  perhaps 
lated  to  the  cell  shrinkage  observed  with 
EM  (5),  and  thus  are  contained  in  a 
laller  volume  in  the  one-step  hemolysis 
ocedure,  and  require  fewer  centrifuga- 
)ns  to  yield  white  ghosts. 
The  sequential  changes  in  membrane 
>lypeptides  induced  by  NEM  treatment 
e  shown  in  Fig.  1 .  The  polypeptide  bands 
e  numbered  as  in  Fairbanks  et  al.  (10). 
le  lowest  curve  represents  the  PAGE  SDS 

membranes  from  unincubated  control 
BC,  and  the  remaining  curves  the  effects 
incubation  with  20  /xmole  NEM/ml  RBC 
r  15,  30,  and  120  min  at  37°.  Marked 
anges  are  clearly  present  at  15-30  min 
id  included  the  apparent  increase  in  bands 
ready  detected  in  control  membranes, 
ch  as  band  6  previously  identified  as 
3PD  (16)  and  band  4.2,  the  appearance  of 
;w  bands  such  as  those  between  polypep- 
les  2  and  3,  and  a  complex  increase  in 
nds  in  the  region  of  4.5. 
The  relation  of  the  protein  changes  in- 


to 


oe 


txz- 


»«¥.  37^ 


Omm 


0  2  4  6  S 

MiQrQtiofi,  cm 

Fig.  1.  Effect  of  NEM  (20  pimole/ml  RBC,  37**) 
for  0,  15,  30,  and  120  min  on  PAGE  SDS.  120  pig  of 
protein  was  applied  in  each  case.  Note  the  progressive 
appearance  of  many  new  polypeptide  bands  produced 
by  NEM.  The  15-,  30-,  and  120-min  scans  have  been 
displaced  upwards  on  the  ordinate  to  aid  visualization. 

duced  by  [^^CINEM  at  2  hr  to  binding  of  this 
inhibitor  is  shown  in  Fig.  2.  It  is  apparent 
that  many  of  the  NEM-produced  polypep- 
tides are  heavily  labeled  with  [^^CJNEM. 

The  NEM-induced  accumulation  of  new 
bands  occurred  only  in  intact  cells.  Treat- 
ment of  isolated  membranes  with  NEM 
either  with  or  without  prior  exposure  to  1% 
mercaptoethanol  (100°,  2  min)  yielded  no 
additional  bands,  as  shown  in  Fig.  3.  These 
findings  are  consistent  with  the  cytoplasmic 
origin  of  the  additional  nonhemoglobin  pro- 
tein recovered  in  the  membrane  fraction 
after  NEM  treatment  of  intact  RBC.  Since 
deliberately  increasing  the  amount  of  white 
blood  cell  contamination  from  400/ /xl  to 
40,000//xl  failed  to  increase  the  rate  or  ex- 
tent of  NEM-induced  effects,  these  changes 
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Fig.  2.  ['*C]NEM-labeled  membranes:  compari- 
son of  polypeptide  stain  and  autoradiograph.  RBC 
were  labeled  with  [^^CJNEM  (20  /itmole/ml  RBC,  2  hr, 
37**),  and  300  fig  of  solubilized  membrane  protein  was 
applied  to  PAGE  SDS  gels. 


Fig.  3.  Lack  of  effect  on  isolated  membranes  of 
NEM  (20  pimole/ml  packed  membranes,  60  min,  37") 
(upper  scan),  compared  to  control  membranes,  incu- 
bated in  buffer  alone,  60  min,  37**  (lower  scan). 

almost  certainly  do  not  arise  from  leukocyte 
proteinase  action.  Moreover,  no  release  of  a 
proteinase  by  NEM  was  demonstrable  using 
the  detector  Azocoll  (Calbiochem);  how- 
ever, activation  of  membrane-fixed  pro- 
teinases could  not  be  ruled  out  (17,  18). 
Omitting  calcium  from  the  PBS  had  no 
effect  on  the  NEM-induced  changes,  unlike 
sterile  incubation  of  glucose-deprived  RBC 
in  vitro  (19). 
Figure  4  compares  the  protein  scan  of  the 


stained  ['*C]IA-labeIed  polypeptides  on 
PAGE  SDS  with  the  scan  of  the  autoradi- 
ograph. The  relative  concentration  of  poly- 
peptides on  the  scan  is  similar  to  that  of 
fresh  RBC  seen  in  the  lowest  curve  in  Fig.  1, 
except  an  increase  in  band  6  and  a  possible 
increase  in  band  4.2.  The  autoradiograph 
shows  that  these  bands  are  also  particularly 
heavily  labeled  with  ['*C]IA  and  that  the 
labeling  of  other  bands  is  generally  propor- 
tional to  their  protein  content,  as  reported 
by  others  with  these  concentrations  of 
[»^C1IA  (7).  When  RBC  were  treated  with 
I A  for  1  hr,  the  changes  shown  in  Fig.  4 
appeared.  When  the  lA-treated  cells  were 
then  incubated  with  NEM  for  an  additional 
hour,  the  membranes  isolated,  and  electro- 
phoresed,  the  multiple  new  membrane 
bands  in  NEM-treated  RBC  membranes  be- 
came apparent. 

Discussion.  The  correlation  of  the  filtra- 
tion rate  with  changes  in  the  protein  content 
and  composition  of  the  RBC  membranes 
provides  some  evidence  that  changes  in  the 
isolated  membranes  may  apply  to  the  intact 
cell.  Thus,  a  decrease  in  filterability  of  RBC 
occurs  with  NEM  which  alters  the  PAGE 
SDS  and  protein  content  of  the  membrane 
significantly,  and  not  with  I A  which  does 
not.  With  NEM  the  rate  of  the  decrease  in 
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Fig.  4.  ['^C]1A-Iabeled  membranes:  comparison  of 
polypeptide  stain  and  autoradiograph.  RBC  were  la- 
beled with  l'*C]lA  (20  pimole/ml  RBC,  2  hr,  37*)  and 
300  g  of  solubilized  membrane  protein  applied  to 
PAGE  SDS. 
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filterability  (4)  and  appearance  in  new 
bands  (Fig.  I)  is  similar.  Teitel  et  al.  (4) 
observed  that  the  amount  of  NEM  required 
to  alter  filterability  had  to  exceed,  mole  for 
mole,  RBC  glutathione  content  (2  /xmole/ 
ml).  Similarly,  more  than  2  /xmole  NEM/ml 
RBC  were  needed  before  there  were  any 
changes  in  the  polypeptides  on  PAGE  SDS. 
The  lack  of  significant  modification  of  the 
PAGE  SDS  polypeptide  scan  makes  lA 
labeling  of  reactive  sulfhydryl  groups  more 
readily  interpretable  than  [*^C]NEM  label- 
ing. Since  pretreatment  with  lA  did  not 
block  subsequent  NEM-induced  changes,  it 
is  presumed  that  NEM  combined  at  addi- 
tional protein  sites. 

The  mechanisms  causing  the  polypeptide 
alterations  in  the  red  cell  membrane  have 
been  only  partially  clarified.  The  increase  in 
band  6  (G3PD)  caused  by  its  specific  combi- 
nation with  lA  or  NEM  may  be  explained 
by  stabilization  of  the  membrane-bound 
state  of  the  enzyme  by  the  inhibitor,  with 
prevention  of  substrate-induced  dissociation 
(20).  How  generally  this  type  of  mechanism 
might  apply  to  other  membrane  components 
(such  as  band  4.2)  is  not  known.  The  corre- 
spondence of  the  [*^C]NEM  reactivity  of  a " 
polypeptide  and  its  appearance  in  the  mem- 
brane fraction  suggests  a  direct  chemical  re- 
lation between  these  events.  For  example, 
NEM  may  convert  cytoplasmic  components 
to  a  denser  or  more  hydrophobic  configura- 
tion by  its  direct  addition  to  a  side  group  or 
by  disruption  of  tertiary  protein  structure. 
Such  changes  might  result  in  the  decreased 
solubility  of  the  proteins  and  their  subse- 
quent recovery  in  the  membrane  fraction. 
Additional  effects,  such  as  increased  suscep- 
tibility to  an  endogenous  protease  following 
such  configurational  changes,  have  not  been 
entirely  ruled  out. 

Summary.  Although  both  NEM  and  lA 
completely  inhibited  G3PD  activity  and  de- 
creased RBC  ATP  levels  40% ,  lA  produced 
little  effect  on  RBC  filterability  whereas 
NEM  greatly  reduced  the  filtration  rate.  I A 
caused  only  an  isolated  increase  of  band  6 
(G3PD)  and  no  change  in  membrane  pro- 


tein content.  However,  the  decreased  filter- 
ability  of  NEM-treated  RBC  was  associated 
with  significantly  increased  membrane-asso- 
ciated nonhemoglobin  protein  which  ap- 
peared as  a  complex  array  of  polypeptide 
bands  on  PAGE  SDS. 
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The  detrimental  effects  of  specific  vitamin- 
deficiency  states  on  the  immune  response 
have  been  known  for  some  time  (1).  The  pro- 
nounced impairment  of  the  immune  system 
has  been  well  documented  in  both  pyridox- 
ine-  and  pantothenic  acid-deficient  rats  (1). 
Defects  in  immune  capacity  in  such  deficient 
animals  can  be  attributed  neither  to  general 
inanition  nor  to  impaired  reticuloendothe- 
lial function  in  antigen  distribution,  but 
rather  to  decreased  numbers  of  hemolytic 
antibody-producing  cells  as  measured  in 
plaque-forming  cell  assays  (2)  in  rats  re- 
sponding to  sheep  erythrocytes  (3,4). 

In  an  effort  to  extend  these  studies  to 
animals  injected  with  other  antigens,  and  in 
order  to  approach  questions  regarding 
mechanisms  of  regulation  of  immune  re- 
sponses in  general,  and  mechanisms  of  the 
immunological  defects  seen  in  vitamin-defi- 
cient rats  in  particular,  studies  were  under- 
taken using  targets  in  addition  to  sheep 
erythrocytes  to  evaluate  the  immune  capac- 
ity of  rats  with  specific  vitamin  deficiencies. 
In  this  report,  we  present  results  of  the  ef- 
fects of  riboflavin,  pyridoxine,  and  pantoth- 
enic acid  deficiencies  upon  background 
plaque-forming  cells  in  nonimmunized  rats. 

Materials  and  Methods.  Male,  weanling 
albino  rats  of  the  Holtzman  strain  (Holtz- 
man  Co.,  Madison,  Wise.)  were  housed  in- 
dividually in  wide-meshed,  screen-bottom, 
suspended  cages.  They  were  weighed 
weekly  and  experiments  were  initiated  6  to 
14  weeks  after  arrival  at  the  laboratory. 

Production  of  specific  vitamin  deficiences. 
All  animals  were  fed  a  basal,  semipurified 
diet  ad  libitum  (4).  In  addition,  each  animal 

^  Present  address:  Department  of  Pathology,  Uni- 
versity of  Pittsburgh,  Magee-Womens  Hospital,  Pitts- 
burgh. Pennsylvania  15213. 


received  a  daily  vitamin  pill  (4).  Each  of  the 
pills  fed  to  the  control  animals  supplied  ade- 
quate supplements  of  all  of  the  B  vitamins 
known  to  be  required  by  the  rat.  For  the 
riboflavin-,  pyridoxine-,  and  pantothenic 
acid-deficient  groups,  only  the  resfjective  vi- 
tamin was  omitted  from  the  control  pill. 

Assays  for  hemolytic  plaque-forming  cells. 
The  following  types  of  erythrocytes  were 
used  as  targets  in  the  direct  hemolytic 
plaque-forming  cell  (PFC)  assay  (2):  sheep 
red  cells  (SRC)  from  individual  sheep  were 
obtained  in  Alsever's  solution  from  either 
Earl  Cole,  Green  County,  Pa.;  Flow  Labo- 
ratories, Rockville,  Md.,  or  Sacks'  Farm, 
Evans  City,  Pa.;  human  O-h  erythrocytes 
were  obtained  in  ACD  solution  from  the 
Central  Blood  Bank,  Pittsburgh,  Pa.; 
pooled  rat  red  cells  in  Alsever's  solution 
were  obtained  by  cardiac  puncture  of  donor 
normal  rats  of  the  same  Holtzman  strain  as 
used  in  experiments. 

Rats  were  sacrificed  by  a  blow  on  the 
head  and  bled  by  cardiac  puncture.  Spleens 
and,  sometimes  thymuses,  were  removed 
aseptically,  weighed,  and  dissociated  by 
being  pressed  through  a  stainless  steel  wire 
mesh  (2).  Single  cell  suspensions  were  pre- 
pared (2);  and  aliquots  of  the  resulting  sin- 
gle cell  suspensions  containing  10^  to  10^ 
cells,  depending  on  targets  to  be  used,  were 
subjected  to  hemolytic  plaque  assays  (2)  in 
15  X  100-mm  petri  dishes.  Preliminary  ex- 
periments were  run  using  more  than  one 
concentration  of  cells  in  order  to  determine 
appropriate  cell  concentrations.  Base  layers 
were  not  used  in  order  to  increase  assay 
sensitivity;  plaques  were  counted  under 
30  X  magnification  using  a  dissecting  micro- 
scope and  indirect  fluorescent  light.  A  mini- 
mum of  triplicate  plates  were  counted  for 
each  type  of  red  cell  target  used.  Only  those 
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plaques  fulfilling  criteria  for  true  PFC  (2) 
were  counted. 

Results.  The  results  of  10  experiments^ 
involving  rats  with  specific  deficiencies  of 
pantothenic  acid,  pyridoxine,  or  riboflavin 
are  summarized  in  Fig.  1  and  Tables  I  and 
II.  The  background  PFC  in  nonimmunized 
rats  directed  against  the  selected  erythro- 
cyte targets  were  higher  in  the  vitamin-defi- 
cient rats  compared  with  controls  in  each  of 
three  specific  vitamin  deficiencies  studied 
(Fig.  1).  In  contrast,  we  observed  a  mark- 
edly depressed  response  of  PFC  to  immuni- 
zation with  SRC  in  riboflavin-  and  pantoth- 
enic acid-deficient  rats.^  The  latter  findings 
are  in  accord  with  previous  observations  in 
pyridoxine-  (3)  and  pantothenic  acid-defi- 
ciencies (4). 

The  increase  in  the  numbers  of  back- 
ground PFC  per  10®  spleen  cells  in  the  defi- 
cient groups  was  apparent  despite  the  signif- 
icant differences  in  whole  body  weight  as 
well  as  in  spleen  weights  in  the  deficient  rats 
compared  with  control  rats  (Table  I).  Fur- 
thermore, not  only  is  there  an  increase  in 
background  PFC  per  10*  spleen  cells  in  the 
deficient  groups,  but  there  is  an  increase  in 
the  total  numbers  of  such  cells  per  spleen,  as 
shown  in  Table  II.  This  is  true  even  through 
the  spleens  of  deficient  rats  are  strikingly 
smaller  than  control  spleens  (Table  I).  The 
ratio  of  spleen  weight  to  body  weight  does 
not  vary  significantly  between  deficient 
groups  and  their  respective  controls.  The 
number  of  cells  per  milligram  of  spleen  also 
remains  constant  (1  million  cells  per  mg)  for 
2ach  group.  Thus,  there  is  a  definite  overall 
increase  in  background  PFC  and  not  merely 
I  relative  increase  of  these  cell  populations 
x>mpared  with  other  spleen  cells. 

In  experiments  in  which  PFC  in  thymuses 
*^ere  also  determined  on  the  same  erythro- 
:yte  targets  as  used  in  spleen  PFC  assays, 
the  numbers  of  background  PFC  in  thy- 
nuses  of  vitamin-deficient  rats  were  also 
;qual  to  or  higher  than  the  numbers  of  PFC 
n  comparable  control  rats. 

The   increase   in  background   PFC  was 

'  In  each  of  10  experiments,  cell  suspensions  from 
experimental  and  control  rats  were  run  in  parallel  un- 
der identical  laboratory  conditions. 

*  Koros,  A.  M.  C,  Axelrod,  A.  E.,  HamiU,  E.  C 
and  South,  D.  J.,  unpublished  data. 
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Fig.  1.  Background  plaque-forming  cells  (PFC) 
per  10*  cells  in  spleens  of  six  groups  of  rats  against 
three  different  erythrocyte  targets,  human  0+  red  cells 
(0+)  sheep  red  cells  (SRC),  rat  cells  (R).  The 
numbers  of  rats  in  each  group  are  those  shown  in  Table 
I.  PFC  are  shown  as  arithmetic  means.  Vertical  bars 
represent  ±1  SE. 

found  in  PFC  directed  against  all  targets 
tested.  The  reactivity  of  PFC  to  SRC,  hu- 
man O-h,  and  rat  red  cells  (R)  probably  can- 
not be  attributed  to  a  shared  antigen  reactiv- 
ity. The  SRC  used  in  these  studies  came 
from  three  different  suppliers,  and  although 
SRC  blood  groups  were  not  determined, 
only  one  blood  type  among  seven  blood 
groups  in  sheep  appear  to  be  related  to  H  of 
man  (5).  Moreover,  in  experiments  in  which 
vitamin-deficient  rats  as  well  as  control  rats 
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TABLE  I.  Body  Weights  and  Spleen  Weights  of  Vitamin  Dehcient  and  Control  Rats. 


Group 


Number  of  rats 
per  group 


Rat  weight  (grams)" 


Spleen  weight  (milli- 
grams)" 


Pantothenic  acid-deficient 

Controls 

Riboflavin-deficient 

Controls 

Pyridoxine-deficient 

Controls 


31 
30 
17 
12 
21 
25 


130.0  ±  9.0 
262.8  ±  12.9 

73.0  ±  3.7 
214.8  ±  20.7 

102.1  ±  8.0 
237.3  ±  8.9 


425.9  ±  24.4 

836.3  ±  41.1 

225.4  ±  12.0 
786.0  ±  58.6 
357.9  ±  17.7 
868.7  ±  49.6 


"  Arithmetic  i 
TABLE   11 

Tiean  ±  1  SE. 

.  Plaque-Forming  Cells 

PER 

Total  Spleen  in 

Vitamin-Dehcient  and  Control  Rats." 

Group 

PFC 

per  total  cells  per  spleen** 

Erythrocyte  targets 

0  + 

SRC 

R 

Pantothenic  acid-deficient 

908.8  ±  199.2 

858.5  ±  149.3 

818.2  ±  168.5 

Controls 

489.6  ±  220.3 

516.8  ±  200.3 

488.2  ±  185.2 

Riboflavin-deficient 

614.4  ±  219.6 

608.9  ±  138.3 

340.1  ±  52.5 

Controls 

277.1  ±  124.9 

562.6  ±  132.9 

172.8  ±  64.2 

Pyridoxine-deficient 

788.7  ±  412.5 

757.4  ±  219.7 

577.6  ±  154.2 

Controls 

301.5  ±  84.5 

408.2  ±  66.9 

245.0  ±  57.3 

"  The  number  of  rats  per  group  is  the  same  as  shown  in  Table  I. 

''  Values  based  on  actual  cell  counts  (10)  expressed  as  arithmetic  mean  ±  1  SE. 


were  inoculated  with  a  single  large  dose  of 
SRC,  the  control  immunized  rats  responded 
dramatically  to  SRC  when  spleens  were  as- 
sayed on  SRC  targets,  but  exhibited  no  in- 
crease over  background  PFC  when  assayed 
on  human  OH-  or  R  erythrocytes.^  The  num- 
bers of  postimmunization  anti-SRC  PFC  in 
these  immunized  control  animals  were  com- 
parable to  those  found  earlier  (3,  4). 

Discussion.  Although  the  significance  of 
an  increased  number  of  background  PFC  in 
certain  vitamin-deficient  states  is  not  known 
presently,  it  is  tempting  to  speculate  that 
background  PFC  may  reflect  a  unique  regu- 
latory parameter  in  both  normal  and  immu- 
nologically impaired  animals  for  the  follow- 
ing reasons:  (i)  Suppressive  7S  specific  anti- 
SRC  antibody,  which  markedly  inhibits  the 
appearance  of  postimmunization  PFC  di- 
rected against  SRC,  has  no  effect  on  back- 
ground PFC  directed  against  SRC  (6).  (ii) 
Background  PFC  directed  toward  different 
haptens  appear  at  predictable  times  in  a 
predictable  sequence  in  ontogeny  for  partic- 
ular strains  of  inbred  mice  (7).  (iii)  Back- 
ground PFC  exist  in  germ-free  mice  in  num- 
bers comparable  to  those  found  in  conven- 
tional mice  (8)  and  are  probably  not  merely 
an  indicator  of  prior  exposure  to  cross-re- 


acting bacterial  antigens,  (iv)  The  morphol- 
ogy of  background  PFC  also  differs  from 
postimmunization  PFC.  Although  the  ma- 
jority of  direct  (19  S)  PFC  directed  against 
SRC  are  either  blast  cells,  large  lympho- 
cytes, or  plasma  cells,  whose  numbers  vary 
depending  on  the  time  after  antigen  injec- 
tion, the  background  PFC  are  small  lympho- 
cytes (9-11).  (v)  Only  a  small  percentage 
(<5%)  of  background  PFC  have  been 
shown  to  be  involved  in  DNA  synthesis, 
compared  with  55%  of  Day  4  postimmuni- 
zation PFC  which  are  actively  synthesizing 
DNA  (10).  The  background  PFC  thus  ap- 
pear to  have  different  rates  of  proliferation 
than  postimmunization  PFC. 

The  present  study  cannot  attempt  to  de- 
fine the  function  of  background  PFC  in  ab- 
solute terms,  but  does  present  a  compara- 
tive survey  of  their  existence  in  certain  vi- 
tamin-deficient states  in  outbred  rats.  Cate- 
gorization of  background  PFC  as  members 
of  either  B  or  T  cell  populations  as  de- 
scribed for  mouse  models  (12)  would  re- 
quire the  use  of  inbred  rats. 

Increases  in  background  PFC,  especially 
autoimmune  PFC,  have  been  reported  by 
others  in  NZB  mice  precedeing  the  onset  of 
autoimmune  disease  (13,  14).  Increases  in 
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'ound  PFC  have  also  been  reported  in 
nice  (15),  and  further  elucidation  of 
le  of  background  PFC  might  offer  a 
>  the  postulated  link  between  autoim- 
diseases  and  aging  (15). 
ght  of  recent  flndings  of  the  functional 
geneity  of  lymphoid  cell  populations, 
ally  T  cells  (16),  it  is  possible  that  in 
>ecific  vitamin-deficient  rat  popula- 
tudied  in  this  report,  there  is  an  in- 

in  background  PFC  directed  against 
ecificities  tested,  whereas  there  is  a 
se  in  the  precursor  population(s)  of 
munization  PFC  directed  against  the 
pecificities.  Such  a  situation  could  be 
the  loss  of  a  population  of  cells  which 
unction  normally  to  suppress  back- 
I  PFC  as  well  as  to  cooperate  with 
sors  of  postimmunization  PFC.  Al- 
I  the  possibility  cannot  be  excluded 
e  background  PFC  are  direct  precur- 
f  postimmunization  PFC,  it  is  sug- 

from  the  current  study  as  well  as 
(3,  4)  that  there  may  be  a  lack  of  a 
population  necessary  for  the  increase 
ber  of  PFC  following  antigenic  stimu- 

in  vitamin-deficient  animals  even 
I  the  background  PFC  exist  in  com- 
5  or  even  greater  numbers  in  vitamin- 
nt  rats  than  in  controls.  Whether  this 

from  an  actual  increase  in  the  rate 
iferation  of  background  PFC  in  vita- 
ificient  animals  or  a  selected  survival 
age  of  such  cells  only  in  vitamin- 
nt  animals  is  not  known.  Indeed 
^chanisms  whereby  the  vitamin  defi- 
;s  in  this  study  impair  the  immune 
se  are  not  known.  Pyridoxine  defi- 

is  the  only  one  of  the  three  studied 

report  that  has  been  shown  to  affect 
synthesis  (17). 

also  possible  that  background  PFC 
e  directed  against  different,  cross- 
g  specificities  rather  than  the  same 
erythrocyte  specificities  to  which  post- 
ization  PFC  are  directed.  Neverthe- 
le  fact  that  all  background  PFC  are 
Hy  elevated  in  the  three  categories  of 
i-deficient  animals  studied  compared 
tntrol  animals  suggests  that  the  num- 

background  PFC  are  a  parameter  of 
latory  defect  in  all  of  the  deficient 


The  finding  of  PFC  against  rat  red  cells 
may  also  be  the  result  of  a  loss  of  a  popula- 
tion of  suppressive  cells  which  are  postu- 
lated to  normally  function  to  keep  self-reac- 
tive cells  in  check  (18,  19). 

It  is  hoped  that  further  studies  into  the 
nature  of  background  PFC  and  their  rela- 
tion to  postimmunization  PFC  may  lead  to  a 
greater  understanding  of  normal  regulatory 
mechanisms  involved  in  the  immune  re- 
sponse. 

Summary.  Background  hemolytic  plaque- 
forming  cells  (PFC)  directed  against  three 
erythrocyte  targets  were  measured  in  rats 
with  three  different,  specific  vitamin  defi- 
ciencies: riboflavin,  pyridoxine,  and  pan- 
tothenic acid,  as  well  as  in  control  rats.  The 
numbers  of  background  PFC  were  found  to 
be  elevated  in  all  three  vitamin-deficiency 
states  compared  with  controls,  whereas  ear- 
lier studies  showed  that  postimmunization 
PFC  were  markedly  depressed  in  those  defi- 
ciencies tested.  The  significance  of  these 
findings  is  discussed  in  terms  of  a  possible 
loss  of  suppressor  cells. 
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nt  years,  studies  of  receptors  for 
^peptide  hormones  have  focused  on 
cyclase  activity  and  hormone 
ites  in  isolated  cells  and  purified 
membrane  preparations.  These 
ive  provided  major  insights  regard- 
lysiology  of  hormone  action.  How- 
tively  little  has  been  learned  of  the 
•  properties  of  receptors  or  of  the 
mechanisms  involved  in  hormone 
nteractions.  The  major  obstacle  to 
a  more  basic  understanding  of  re- 
their  membrane  location.  While 
)rmation  has  been  obtained  with 
d  hormone-sensitive  adenylate  cy- 
»arations  (1-3),  receptors  must  ul- 
»e  studied  in  their  natural  membra- 
ronment. 

toperoxidase-catalyzed  iodination 
d  tyrosines  has  been  used  to  label 
jmponents  of  plasma  membranes 
types  of  cells  (4-6).  The  surface 
of  this  enzyme  suggested  that  it 
vide  useful  information  regarding 
1  arrangement  of  receptor  compo- 
lin  an  intact  membrane.  This  re- 
^nstrates  the  effects  of  iodination 
purified  plasma  membranes  from 
n  adenylate  cyclase  activity  in  the 

JS. 

Is  and  Methods,  Lactoperoxidase, 
estimated  purity  60%,  was  ob- 
rom  Calbiochem.  Carrier-free 
)m  Amersham/Searle.  Acrylamide, 
liylenebisacrylamide,  and  N,N, 
methylethylenediamine  were  ob- 
m  Eastman. 

membranes  were  prepared  by  a 
on  (7)  of  the  procedure  of  Neville 
ylate  cyclase  was  assayed  as  de- 
previously  (7)  except  that 
'  was  separated  from  [•'^^pjatP  by 
lum  oxide  method  devised  by  Ra- 


machandran  (9).  Protein  was  measured  by 
the  procedure  of  Lowry  et  al,  (10). 

For  amino  acid  analysis,  liver  mem- 
branes, 2  mg  of  protein,  were  hydrolyzed 
for  24  h  at  lOO"*  in  6  N  HCl.  Amino  acids 
were  then  estimated  using  a  Spinco  120C 
amino-acid  analyzer. 

Results,  Iodination  of  liver  plasma  mem- 
branes with  lactoperoxidase  has  not  been 
reported  previously.  As  shown  in  Fig.  1  this 
procedure  results  in  incorporation  of  iodine 
into  several  membrane  proteins  ranging 
from  mol  wt  20,000  to  100,000.  The  resolu- 
tion of  peaks  of  radioactivity  is  not  adequate 
to  determine  the  exact  number  or  to  com- 
pare extent  of  iodination  with  the  quantity 
of  protein  in  a  given  band. 

The  effects  of  iodination  on  membrane 
adenylate  cyclase  activity  are  illustrated  in 
Fig.  2.  The  maximal  glucagon  and  fluoride 
stimulated  activities  are  reduced  by  63  and 
46%,  respectively.  The  extent  of  incorpora- 
tion of  iodine  is  also  shown  in  Fig.  2.  Al- 
though full  saturation  was  not  obtained  in 
this  experiment,  the  incorporation  of  iodine 
clearly  approaches  a  maximum  under  these 
conditions.  Maximal  effects  on  adenylate 
cyclase  activity  are  seen  with  less  than  10% 
of  the  total  incorporation  of  iodine  which 
could  be  obtained  indicating  that  the  af- 
fected component(s)  of  adenylate  cyclase  is 
particularly  susceptible  to  iodination.  The 
inhibition  of  adenylate  cyclase  is  partial  and 
no  further  inhibition  is  seen  despite  in- 
creased incorporation  of  iodine  at  higher  KI 
concentrations.  The  effect  on  glucagon- 
stimulated  activities  is  seen  with  less  incor- 
poration of  iodine  than  is  the  effect  on  fluo- 
ride-stimulated activity. 

Table  I  shows  the  effects  of  omitting  each 
of  the  components  of  the  iodination  mixture 
and  demonstrates  that  inhibition  of  adenyl- 
ate cyclase  activity  is  enzymatic  and  depend- 
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Fig.  1.  Incorporation  of  '**I  into  plasma  mem- 
branes and  resolution  of  labeled  proteins  by  polyacryl- 
amide  gel  electrophoresis.  Plasma  membranes.  1  mg  of 
membrane  protein,  were  suspended  in  1  ml  of  0.1  M 
Tris-HCl,  pH  7.6,  lO"*  M  KI,  1  fiC\  Na'»I,  and  lO"' 
M  lactoperoxidase .  The  reaction  was  performed  at  am- 
bient temperature  and  was  initiated  by  addition  of  5  fi\ 
HjOj  to  give  a  final  concentration  of  0.3  /x/ml.  Addi- 
tional 5-fi\  aliquots  of  dilute  HfOt  were  added  every  15 
sec  for  a  total  of  2  min  and  the  reaction  mixture  was 
placed  on  ice.  Membranes  were  dissolved,  dialyzed, 
and  subjected  to  electrophoresis  in  sodium  dodecyl 
sulfate  polyacrylamide  gels  as  described  by  Neville  (11) 
using  a  pH-10  lower  buffer.  The  gels  were  stained  with 
Coomassie  blue  by  the  method  of  Fairbanks  er  a/.  (12). 
The  stained  gels  were  scanned  at  530  nm  in  a  spectro- 
photometer fitted  with  a  linear  transport  device  (Gil- 
ford Instruments).  Parallel  gels  containing  proteins  of 
known  molecular  weight  were  used  to  calibrate  the 
gels.  The  gels  were  fractionated  with  a  Maizel  gel 
extruder  (Savant).  The  fractions  were  counted  in  a 
gamma  scintillation  counter. 

ent  on  the  presence  of  H2O2.  The  data  show 
further  that  basal  adenylate  cyclase  activity 
is  inhibited  by  iodination  and  that  the  effect 
on  glucagon-stimulated  activity  is  on  the 
maximal  activity  (10"*  M  glucagon;  (7)) 
rather  than  on  the  apparent  affinity  for  glu- 
cagon estimated  from  the  activity  in  the 
presence  of  4  x  10"®  Af  glucagon. 

Amino  acid  analysis  revealed  that  the 
membrane  used  in  this  study  contained  18 
nmole  tyrosine  and  IS  nmole  histidine  per 
mg  of  membrane  protein.  In  addition  to 
tyrosine,  lactoperoxidase  catalyzes  the  iodi- 
nation of  monoidotyrosine  and  histidine  as 
free  amino  acids  (13).  However,  it  has  not 
been  established  whether  these  amino  acids 
are  substrates  in  membranes.  Consequently 
the  number  of  iodine  acceptors  could  be  as 
low  as  1 8  nmole  or  as  high  as  5 1  nmole  per 
mg  of  protein.  Since  the  maximum  iodina- 


tion achieved  in  the  experiment  described  in 
Fig.  2  is  3  natoms  per  mg  protein ,  this  would 
correspond  to  6  to  17%  of  the  total  poten- 
tial iodine  acceptors.  The  number  required 
to  produce  maximal  effects  on  adenylate 
cyclase  activity  is  10-fold  less. 

Discussion,  The  lactoperoxidase  cata- 
lyzed iodination  of  membrane  proteins  has 
generally  been  used  as  a  labeling  procedure 
to  study  the  disposition  of  proteins  within  a 
membrane.  In  this  study  lactoperoxidase  is 
used  as  a  probe  of  a  specific  membrane 
function,  the  glucagon  receptor-adenylaie 
cyclase  system.  The  inhibition  of  adenylate 
cyclase  produced  by  iodination  indicates 
that  a  component  of  the  receptor-adenylate 
cyclase  system  containing  a  tyrosine,  or  pos- 
sibly a  histidine,  is  susceptible  to  attack  by 
lactoperoxidase. 

A  current  hypothesis  regarding  the  mo- 
lecular organization  of  the  glucagon  recep- 
tor system  is  that  it  is  composed  of  a  cata- 
lytic subunit,  adenylate  cyclase,  on  or  near 
the  inner  surface  of  the  plasma  membrane 
and  a  separate  regulatory  subunit  on  or  near 


I       p./  .    ■    ■  ■ 


I 


Fig.  2.  Effects  of  iodination  on  membrane  adenyl- 
ate cyclase  activity.  Membranes  were  iodinated  as  de- 
scribed in  Fig.  1  in  the  presence  of  varying  concentra- 
tions of  KI  and  in  the  presence  and  absence  of  a  tracer 
quantity  of  Na'^I.  Incorporation  of  iodine  into  the 
membranes  was  estimated  by  layering  0.1-ml  aliquots 
of  the  reaction  mixtures  containing  ***I  over  0.3  ml  of 
1%  bovine  serum  albumin  in  a  microfuge  tube.  The 
membranes  were  sedimented  for  5  min  in  the  micro- 
fuge (Beckman).  The  supernatant  was  aspirated  and 
the  tube  was  rinsed  once  with  water.  The  tip  containing 
the  membrane  pellet  was  cut  off  and  counted  in  a 
gamma  counter.  Adenylate  cyclase  activity  in  the  mem- 
branes treated  without  '^I  was  measured  as  described 
under  Methods.  Glucagon  (-0  — )  was  10~*  M.  Fluo- 
ride (~D-)  was  15  mm.  Values  are  expressed  as 
percentage  of  no  l~  control  and  are  the  means  of 
triplicate  determinations. 
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Lacto- 

Glucagon 

Glucagon 

NaF 

peroxi- 

H,0, 

KI 

Basal 

(4  X  \0-^M) 

(10-«Af) 

15  mM 

dase 

(nmoles  per  10  min 

per  mg  protein) 

- 

- 

0 

0.89  ±  0.02 

2.69  ±  0.26 

6.77  ±  0.12 

2.02  ±  0.07 

+ 

- 

0 

0.93  ±  0.01 

2.57  ±  0.24 

7.14  ±  0.14 

2.27  ±  0.01 

+ 

- 

10-W 

0.84  ±  0.12 

2.90  ±  0.54 

6.96  ±  0.09 

2.10  ±  0.03 

+ 

- 

10-*Af 

0.88  ±  0.01 

2.35  ±  0.22 

7.22  ±  0.08 

2.11  ±  0.08 

+ 

- 

10"Af 

0.86  ±  0.09 

2.17  ±  0.32 

6.71  ±  0.03 

2.13  ±  0.07 

+ 

■f 

0 

0.90  ±  0.01 

1.88  ±  0.04 

6.52  ±  0.10 

2.05  ±  0.06 

+ 

+ 

10-W 

0.55  ±  0.04 

1.21  ±  0.14 

4.06  ±  0.15 

1.42  ±  0.01 

-I- 

+ 

10-W 

0.21  ±  0.05 

0.36  ±  0.04 

0.80  ±  0.05 

0.48  ±  0.01 

-♦- 

+ 

lO-'Af 

0.32  ±  0.01 

0.32  ±  0.01 

1.78  ±  0.04 

0.75  ±  0.01 

- 

+ 

lO-'M 

0.82  ±  0.02 

2.61  ±  0.54 

6.51  ±  0.13 

1.82  ±  0.02 

"  Liver  plasma  membranes  were  incubated  in  the  presence  of  absence  of  10*  M  lactoperoxidase  and  varying 
roncentrations  of  KI  for  2  min  at  room  temperature  as  described  in  Fig.  1 .  Water  was  added  in  place  of  H2O2  to  the 
ninus  HsOs  controls.  At  the  end  of  the  iodination,  the  reaction  mixtures  were  placed  on  ice  and  adenylate  cyclase 
ictivity  was  measured  in  the  presence  of  no  addition,  4  x  10""  Af  glucagon,  10"*  glucagon,  or  15  mM  NaF  was 
neasured  as  described  under  Methods.  Values  are  the  mean  ±  SE  of  triplicate  determinations. 


the  outer  surface  to  which  glucagon  binds. 
rhe  inhibition  of  basal  and  fluroride-stimu- 
lated  activities  by  iodination  indicates  that 
the  catalytic  subunit  is  affected.  The  incom- 
pleteness of  the  inhibition  of  adenylate  cy- 
:lase  by  iodination  may  be  due  to  the  heter- 
ogeneity of  membrane  preparation.  The 
iver  membrane  preparation  is  composed  of 
I  mixture  of  open  sheets  and  closed  vesicles 
[7).  Adenylate  cyclase  on  the  inner  surface 
3f  the  vesicles  may  be  protected  from  attack 
jy  lactoperoxidase. 

The  amino  acid  analysis  indicates  that  no 
tnore  than  about  20%  of  the  total  iodinata- 
3le  substrates  (tyrosine,  monoiodotyrosine, 
liistidine)  in  the  membrane  are  iodinated 
under  the  conditions  employed  here.  The 
remainder  are  probably  buried  within  the 
nembrane  and  less  accessible  for  iodina- 
tion. The  observation  that  maximal  effects 
3n  adenylate  cyclase  occur  with  only  about 
10%  of  the  total  possible  incorporation  of 
odine  suggests  that  the  affected  component 
s  very  superficially  situated  in  the  mem- 
3rane  and  is  readily  accessible  for  attack  by 
actoperoxidase.  Neer  has  shown  that  solu- 
^ilized  renal  adenylate  cyclase  has  very  little 
issociated  lipid  or  detergent  and  therefore  is 
>robably  located  on  the  surface  of  the  mem- 
brane (3).  The  data  presented  here  support 
:his  hypothesis.  If  this  interpretation  is  cor- 
•ect,  then  the  regulatory  component(s)  of 
:he  system  must  traverse  the  hydrophobic 
X)re  of  the  membrane.  The  importance  of 
nembrane  phospholipids  in  hormone  sensi- 


tivity of  adenylate  cyclase  has  been  amply 
demonstrated  (1,  14). 
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Quantitation  of  Human  T-Lymphocytes  in  Blood:  Use  of  Automatic  Smearing 
Instrument  for  Preparing  Fixed  Slides  of  E-Rosettes^'^  (39390) 
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The  presence  of  functionally  distinct  pop- 
ulations of  lymphocytes  (B  and  T  lympho- 
cytes) in  the  peripheral  blood  is  generally 
recognized  (1).  Human  T-lymphocytes  are 
commonly  identified  as  the  lymphocytes 
that  form  rosettes  with  SRBC  (E-rosettes) 
when  incubated  under  appropriate  physical 
conditions.  Quantitation  of  E-rosettes  is 
commonly  performed  in  cell  suspension  us- 
ing a  hemocytometer  (2).  The  disadvan- 
tages of  this  method  are  lack  of  permanent 
preparation,  inability  to  precisely  identify 
the  morphology  of  the  rosette-forming  cells, 
and  the  necessity  of  counting  the  rosettes 
within  a  short  period  of  time  due  to  their 
fragile  nature.  To  obviate  the  above  limita- 
tions, smears  of  E-rosettes  were  prepared 
by  an  automatic  smearer  which  yielded  very 
satisfactory  preparations  with  no  significant 
destruction  of  the  rosettes. 

Materials  and  Methods.  Ten  normal  vol- 
unteers, three  patients  with  chronic  lympho- 
cytic leukemia,  and  one  patient  with  Sezary 
syndrome  were  studied  (Table  I).  Venous 
blood  was  obtained  in  heparinized  plastic 
syringes.  Lymphocytes,  isolated  by  Ficoll- 
Isopaque  method  (3),  were  washed  twice 
with  phosphate-buffered  saline  (PBS)  with 
0.1  %  glucose  and  suspended  at  a  concentra- 
tion of  40  X  lOVml.  Sheep  red  cells  (SRBC) 
suspended  in  Alsever's  solution  (Grand  Is- 
land Biological,  New  York)  were  washed 
twice  in  PBS  and  resuspended  in  PBS  at  a 
concentration  of  3000  x  lO^ml.  Fetal  calf 

'  Research  supported  by  the  U.S.  Energy  Research 
and  Development  Administration,  and  in  parts  by  NIH 
Grant  No.  5R01  CA  14742,  American  Cancer  Society 
Grant  No.  NT-5,  and  the  National  Leukemia  Associa- 
tion. 

^  Written  informed  consent,  as  required  by  our  Insti- 
tutional Review  Committee,  was  obtained  from  normal 
volunteers  and  patients. 


serum  (FCS)  (Grand  Island  Biological,  New 
York)  was  absorbed  twice  with  SRBC  at  37° 
for  30  min  (800  x  10«  SRBC/ml  FCS)  and 
heat-inactivated  at  56®  for  1  hr. 

For  hemocytometer  assay,  0.5  ml  of  the 
lymphocyte  suspension  readjusted  with  PBS 
to  15  X  10*/ml  was  mixed  with  0.5  ml  of 
washed  SRBC  diluted  to  300  x  IO«/ml  and 
0.0 1  ml  of  absorbed  and  inactivated  FCS  in 
a  round  bottom  75  x  15-mm  plastic  tube. 
Following  gentle  agitation  the  mixture  was 
centrifuged  at  200  g  for  10  min  at  room 
temperature  prior  to  incubation  at  4®  for  16 
to  20  hr.  The  incubation  tube  was  gently 
rotated  by  hand  to  resuspend  the  cells.  A 
Neubauer  chamber  was  gently  filled  with 
the  cell  suspension  using  a  Pasteur  pipet  and 
allowed  to  stand  at  1(?  for  10  min.  Five- 
hundred  lymphocytes  were  counted  under 
phase  contrast  at  a  magnification  of  400. 

For  automatic  smearing  method  0.05  ml 
of  lymphocyte  suspension  (2  x  10*  cells) 
was  mixed  with  2.5  ml  of  medium  199  with 
25  mAf  HEPES  buffer  (Grand  Island  Bio- 
logical, New  York)  in  a  round-bottom  75  x 
15-mm  plastic  tube.  Following  centrifuga- 
tion  at  room  temperature  for  10  min  at  500 
g,  the  supernatant  was  drained  off.  To  the 
cell  pellet,  0.01  ml  of  the  SRBC  suspension 
(30  X  10«  cells)  and  0.01  ml  of  the  ab- 
sorbed, inactivated  FCS  were  added.  Fol- 
lowing gentle  agitation  the  mixture  was  in- 
cubated at  37'*  for  15  min,  at  4**  for  16  to  20 
hr,  and  finally  at  room  temperature  for  1  to 
2  hr.  The  incubation  mixture  was  gently 
rotated  by  hand  until  no  clumps  were  visi- 
ble. About  0.01  ml  of  the  incubation  mix- 
ture was  placed  on  a  glass  slide  and  smeared 
with  the  automatic  smearer,  Hemaprep 
(Geometric  Data  Corp.,  Wayne,  Pa.),  ad- 
justed to  the  thickest  smear  setting.  This 
instrument  makes  smear  by  pulling  the  slide 
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TABLE  I.  Pekcentage  Rosette-Forming  T-Lymphocytes  in  Blood. 


SRBCVIymphocyte 

E-Rosettes" 

^1 

2r2 

Automatic 

Automatic 

Automatic 

Samples 

Wet 

smearer 

Wet 

smearer 

Wet            smearer 

Normal  volunteers 

1 

55.0 

56.2 

44.0 

43.3 

42.0               40.6 

2 

67.5 

65.7 

59.9 

58.6 

56.4               51.7 

3 

50.7 

62.2 

44.2 

54.6 

41.9               50.1 

4 

58.3 

76.7 

47.3 

61.9 

45.1                55.8 

5 

74.6 

62.1 

67.6 

56.8 

65.0               52.7 

6 

73.2 

71.8 

67.0 

63.4 

65.4               59.6 

7 

71.6 

71.4 

59.6 

62.4 

57.3               58.8 

8 

84.4 

78.7 

81.0 

69.9 

79.2               66.9 

9 

81.6 

76.6 

77.6 

72.0 

72.8               68.0 

10 

62.9 

64.0 

58.1 

61.0 

54.3               58.8 

Mean 

68.0 

68.5 

60.6 

60.4 

57.9               56.3 

±1  SD 

11.2 

7.6 

13.0 

8.1 

12.8                 8.1 

SE 

3.5 

2.4 

4.1 

2.5 

4.0                 2.6 

Patients 

MW  (CLL)* 

36.0 

26.9 

28.0 

22.3 

24.0                18.0 

CS (CLL) 

11.0 

11.4 

NA 

6.4 

2.0                  4.7 

CR  (CLL) 

28.2 

28.1 

21.2 

25.7 

19.5                24.9 

AL  (SS)*^ 

72.4 

72.8 

66.4 

66.0 

64.0                59.6 

E-Rosettes  were  defined  as  lymphocytes  with  3  or  more  SRBC. 
CLL,  Chronic  Lymphocytic  Leukemia. 
SS,  S^zary  syndrome;  NA,  not  available. 


itaining  the  drop  of  blood  at  a  constant 
selected  speed  against  a  glass  spreader 
jtioned  at  a  fixed  angle.  Air-dried  smears 
re  fixed  in  absolute  methanol  for  S  min 
I  stained  with  Wright  Giemsa.  Five- 
idred  lymphocytes  were  counted  under 
It  microscope. 

n  some  instances,  permanently  fixed 
les  of  E-rosettes  were  prepared  according 
lie  manual  smearing  technique  (4). 
Tie  results  were  recorded  as  follows:  lym- 
)cytes  without  SRBC  and  with  1,  2,  and 
\  SRBC  attached.  Lymphocytes  with  3  or 
re  SRBC  attached  were  considered  to  be 
osettes. 

lesults.  In  normal  volunteers  E-rosettes 
ged  fi-om  42  to  79%  by  hemocytometer 
I  fi-om  40  to  68%  by  Hemaprep  method 
ble  I).  The  range  of  E-rosettes  in  pa- 
its  with  CLL  was  11  to  36%  by  hemocy- 
leter  and  11.4  to  28%  by  Hemaprep 
thod  (Table  I).  The  E-rosettes  from  the 
lent  with  Sezary  syndrome  as  obtained 
automatic  smearing  technique  (59.6%) 
shown  in  Fig.  1  (magnification  186)  and 
.2(750x). 


The  rosettes  from  manually  prepared 
slides  were  not  enumerated  as  there  was 
considerable  disruption  of  rosettes. 

Discussion.  Quantitation  of  B-  and  T- 
lymphocytes  has  proven  to  be  of  value  in  the 
study  of  immune  diseases  (5).  E- Rosettes  are 
commonly  determined  in  the  cell  suspension 
using  a  hemocytometer.  E-Rosettes  in  the 
normal  human  peripheral  blood  have  ranged 
from  5  to  80%  as  reported  by  various  investi- 
gators (2,6,7).  Fragile  nature  of  E-rosettes 
is  one  of  the  factors  responsible  for  this  wide 
range  of  difference.  These  nonimmune  ro- 
settes are  known  to  be  very  sensitive  to  physi- 
cal changes  such  as  temperature,  pH  of  the 
medium,  incubation  period,  and  trauma  of 
manipulation  during  the  preparation  for 
counting  (8-11). 

A  manual  smearing  technique  has  been 
described  to  prepare  fixed  and  stained  prepa- 
rations of  E-rosettes  (4).  In  our  hands  con- 
siderable disruption  of  rosettes  occurred  dur- 
ing manual  smearing,  resulting  in  reduced 
number  of  E-rosettes  as  compared  to  the 
generally  accepted  hemocytometer  method. 
The   difference   in    the    individual   manual 
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Fig.  1 .  This  photograph  shows  rosette-forming  and 
nonrosette-forming  lymphocytes  from  a  smear  made  by 
automatic  smearer.  This  preparation  is  from  the  blood 
lymphocytes  of  a  patient  with  Sezary  syndrome. 
(186X) 


Fig.  2.  Rosette-forming  cell  from  the  same  prepa- 
ration as  shown  in  Fig.  1  at  higher  magnification 
(750 X).  Typical  convoluted  nucleus  of  Sezary  cell  is 
clearly  identified. 


smearing  technique,  angulation  of  the  smear- 
ing slide,  and  the  size  of  the  drop  of  the 
suspension  containing  E-rosettes  could  each 
be  contributing  to  the  destruction  of  the 
rosettes.  Cytocentrifugation,  an  alternate  to 
manual  smearing,  may  also  produce  changes 
in  the  apparent  proportion  of  E-rosettes 
and  was  not  recommended  by  a  recent  re- 
port from  a  World  Health  Organization 
sponsored  workshop  (12). 

In  order  to  eliminate  the  individual  varia- 
tions of  manual  smearing  and  the  disruptive 
changes  produced  by  manual  or  cytocentrifu- 
gation techniques,  we  investigated  the  use  of 
Hemaprep  for  preparation  of  fixed  smears  of 
E-rosettes.  The  results  obtained  were  repro- 
ducible and  comparable  to  the  hemocytome- 
ter  method.  The  smears  made  with  the  auto- 
matic smearer  showed  no  disruption  of  E- 
rosettes  and  the  morphological  features  of 
the  rosettes-forming  cells  could  be  clearly 
identified  (Figs.  1  and  2). 

Summary.  Human  T-lymphocytes  were 
enumerated  in  10  normal  volunteers  and  4 
patients  by  a  new  method  utilizing  an  auto- 


matic smearing  instrument  to  prepare  per- 
manent fixed  slides  of  E-rosettes.  The  re- 
sults were  compared  to  the  commonly  em- 
ployed hemocytometer  method. 

Results  obtained  smearing  instrument 
were  similar  to  those  obtained  by  the  hemo- 
cytometer method  with  the  added  advan- 
tages of  permanent  record,  convenience  of 
quantitation,  and  precise  morphological 
identification  of  rosette-forming  cells.  As 
opposed  to  well-preserved  E-rosettes  ob- 
tained by  the  automatic  smearing  instru- 
ment, hand-made  smears  showed  disruption 
of  E-rosettes. 
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Many  studies  involving  prostaglandin 
(PG)  molecules  employ  ethanol  as  a  sol- 
vent. Collier  and  his  co-workers  have  re- 
cently demonstrated  that  ethanol  can  stimu- 
late biosynthesis  of  PGE  and  F  compounds 
in  rat  stomach  smooth  muscle  (1).  Two  pre- 
liminary reports  suggest  that  this  alcohol  can 
affect  excitability  and  reactivity  of  rat  aortic 
and  portal  venous  muscles  in  vitro  (2,3).  In 
view  of  these  diverse  actions  of  ethanol,  and 
its  possible  importance  in  studying  PG  mol- 
ecules, we  examined  the  effects  of  ethanol 
on  contractions  of  arterial  and  venous  mus- 
cle induced  by  PGE,,  A,,  and  B,  molecules. 

Methods.  Thoracic  aortas  and  portal  veins 
were  obtained  from  male  rats  (Wistar  strain, 
275-425  g)  after  sacrifice  by  decapitation. 
The  aortas  were  cut  helically  into  vascular 
strips  (1.5-2  mm  in  width  by  25  mm  in 
length)  and  the  force  of  contractions  were 
recorded  in  vitro,  essentially  as  described 
previously  (4).  Ten-millimeter  segments  of 
portal  veins  were  tied  at  both  ends  with 
sutures  and  the  force  of  contractions  were 
recorded  in  vitro,  as  described  previously 
(5).  Both  aortic  strips  and  portal  vein  seg- 
ments were  equilibrated  for  2  hr  in  20-ml 
muscle  chambers  containing  Krebs-Ringer 
bicarbonate  (KRB)  solution  (4)  at  37**  oxy- 
genated continuously  with  95%  02-5% 
CO2  (pH  7.4-7.5).  The  recording  equip- 
ment was  identical  to  that  described  previ- 
ously (6).  After  the  2-hr  incubation  period 
the  vascular  segments  were  exposed  to  one 
of  the  three  different  PG  compounds  (E,, 
A,,  or  B,)  in  concentrations  which  were 

'  This  work  was  supported  by  Research  Grants  No. 
HL-18015  from  the  National  Heart  and  Lung  Institute, 
and  No.  MH-26236  from  the  National  Institute  of 
Mental  Health. 

^  Requests  for  reprints  should  be  sent  to:  B.  M. 
Altura,  Department  of  Physiology,  Box  31 ,  Downstate 
Medical  Center,  450  Clarkson  Avenue,  Brooklyn,  New 
York  11203. 


either  (i)  above  threshold;  or  (ii)  required 
for  eliciting  50%  of  a  maximum  PG  con- 
tractile response.  These  respective  responses 
were  then  repeated  two  more  times,  after 
washing  and  relaxation  in  KRB  solution. 
The  vascular  segments  were  exposed  to 
ethanol  concentrations  of  17,  170,  and  430 
mAf  for  5  min.  (Preliminary  experiments 
had  shown  there  was  no  difference  in  effects 
when  ethanol  exposure  was  as  long  as  60 
min.)  All  of  the  PG  compounds  were  dis- 
solved in  phosphate  buffer  (pH  7.40-7.45) 
(7).  The  total  volume  of  phosphate  buffer 
used  never  exceed  0.2  ml.  At  least  six  differ- 
ent preparations  were  examined  with  each 
ethanol- PG  dose  combination.  Significance 
of  changes  in  tension  were  calculated  by 
Student's  t  test.  Tension  values  for  the  rat 
portal  vein  were  calculated  in  a  manner  sim- 
ilar to  that  described  previously  (5,  8). 

Results.  Tables  I  and  II  demonstrate  that 
a  low  concentration  of  ethanol  (i.e.,  17 
mAf)  can  markedly  inhibit  the  contractile 
action  of  PGE,  on  both  rat  aortic  strips  and 
portal  veins.  Although  lower  concentrations 
of  ethanol  (i.e.,  down  to  5  mAf)  can  also 
attenuate  PGE,  contractions,  in  these  two 
types  of  vascular  muscle  these  effects  were 
seen  in  only  about  50%  of  the  preparations 
examined.  Higher  concentrations  of 
ethanol,  i.e.,  170-430  mAf,  produced 
greater  inhibition  of  PGE,  responses  which 
appeared  to  be  dose-related;  the  greater  the 
ethanol  concentrations,  the  less  the  PGE, 
response  (Tables  I  and  II).  Although  not 
shown,  these  ethanol- induced  effects  as  well 
as  those  described  below  are  completely  re- 
versible upon  washing  of  the  tissues  in  nor- 
mal KRB  solution. 

In  contrast  to  what  is  seen  for  PGE,, 
preincubation  of  aortic  strips  with  17  mAf 
ethanol  enhances  contractions  induced  by 
PGB,  (Tables  1  and  2).  Even  high  concen- 
trations of  ethanol,  i.e.,  170  mAf,  can  still 
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LE   I. 


Differential  Effects  of  Ethanol  on  Contractions  Induced  by  Prostaglandins  in  Rat 

Aortic  Strips. 


>in  pound 
g/ml) 

Tension 

(mg)  with  ethanol  (mM ) 

N               (mg±SE)                       17 

170 

430 

.(1) 

8               572.8  ±  52.6              405  ±  36° 

166.6  ±  22° 

58.3  ±  12.6° 

.  (0.25) 

6              491.6  ±84.7              925  ±  72.2« 

683.3  ±  42.3° 

133.3  ±  28.9° 

.,  (0.25) 

8                 825  ±  42.6           937.5  ±  20.5° 

200  ±  34° 

106.2  ±  38.2° 

ificantly  different  from  control  tension  {P  <  0.02). 

-E  II.  Differential  Effects  of  Ethanol  on  Contractions  Induced  by  Prostaglandins  in  Rat 

Portal  Veins. 

impound 
g/ml) 

Tension 

(mg)  with  ethanol  {mM) 

N               (mg  ±  SE)                       17 

170 

430 

E,  (1) 

8              693.1  ±  23.1            531.2  ±  19.9° 

475  ±  34.6° 

43.7  ±  10.2° 

B,  (1) 

6              700  ±  25                  858.3  ±  29.9° 

550  ±  22.6° 

91.6  ±  10.2° 

^.(1) 

8              575  ±  28.3                  750  ±  25° 

518  ±  31 

300  ±  10° 

ficantly  different  from  control  tension  {P  <  0.02). 


K)tentiation  of  B,  (Tables  1  and  2). 

1  and  2  demonstrate  that  a  low  con- 
ion  of  ethanol  (e.g.,  17  mM)  can  also 
ate  contractions  induced  by  PGA,, 
er,  unlike  that  seen  with  B,,  higher 
trations  of  ethanol  (i.e.,  170  mM) 
lly  attenuate  PGA,  contractions  (Ta- 

and  2).  Although  not  shown,  the 
ate  buffer  vehicle  itself  does  not  at- 
(or  enhance)  baseline  tension,  am- 
,  or  frequency  of  the  spontaneous 
lical  responses  of  the  vascular  prepa- 
,  even  when  administered  in  volumes 
three  times  that  used  with  the  doses 
:ompounds. 

ission.  The  data  presented  here  indi- 
at  low  concentrations  of  ethanol  can 
ate  or  inhibit  the  contractile  actions 
:ompounds  on  at  least  two  different 
3f  vascular  smooth  muscles.^  Al- 
both  inhibition  and  potentiation  by 
was  seen  with  PGA,  and  PGB,  com- 
,  only  contractile  inhibition  was  seen 

2  PGE,  compound.  The  fact  that  the 
ction  of  ethanol  was  demonstrated 
ith  PGE,  and  on  both  arterial  and 

wing  the  procedure  recommended  by  The 
Co.  for  preparation  of  stock  solutions,  one 
issolves  the  PG  compounds  in  100%  ethanol 
mg/ml  (9).  A  dilution  of  1  mg/ml  to  1  /ng/ml 
ult  in  yielding  approximately  17  mM  ethanol, 
;r  words,  the  concentration  of  ethanol  which 
illy  affects  the  contractile  actions  of  the  sev- 
ompounds  used  in  the  present  study. 


venous  smooth  muscle  suggests  to  us  that 
some  part(s)  of  the  structure  of  a  prosta- 
glandin molecule  may  be  quite  important  in 
ethanol-PG  interactions  in  contractions  of 
vascular  muscle . 

Although  ethanol  is  considered  to  be  a 
CNS  depressant  (10),  it  can  depolarize  neu- 
rons (10,  11).  In  addition,  it  has  been  dem- 
onstrated that  low  concentrations  of  ethanol 
can  increase  activity  of  afferent  nerves  from 
primary  and  secondary  endings  in  the  mus- 
cle spindles  and  tendon  organs  of  rat  caudal 
muscle  (12)  as  well  as  cause  singly  excited 
cat  soleus  motor  nerve  terminals  to  fire  re- 
petitively (13).  Such  reports  suggest  that 
ethanol  may  have  both  excitatory  and  de- 
pressant effects  on  certain  excitable  tissues. 
In  addition,  ethanol  has  been  demonstrated 
to  increase  the  frequency  of  miniature  end- 
plate  potentials  of  rat  phrenic  nerve  dia- 
phragm preparations  and  to  concomitantly 
increase  the  force  of  contraction  (14). 

In  the  latter  study.  Gage  reported  that 
ethanol  increased  the  quantal  content  of  the 
end-plate  potential  and  the  frequency  of 
minature  endplate  potentials.  Such  actions 
were  used  to  explain  the  resultant  increase 
in  the  force  of  contraction  (14).  An  effect  of 
ethanol  on  the  resting  membrane  potentials 
of  the  rat  aorta  and  portal  vein  could  explain 
the  potentiation  of  PGB,  and  A,  contrac- 
tions. 

A  second  possibility  is  that  ethanol  can 
stimulate  endogenous  synthesis  of  PG  com- 


336 


ETHANOL,    PROSTAGLANDINS,    AND    VASCULAR    MUSCLE 


pounds  (1).  Since  it  has  recently  been  dem- 
onstrated that  synthesis  of  PG  compounds 
can  be  stimulated  in  both  arterial  and  ve- 
nous smooth  muscle  by  certain  vasoactive 
substances  (15),  the  latter  hypothesis  is 
plausible . 

A  third  alternative  hypothesis  to  explain 
ethanol  enhancement  of  PG  responses 
might  be  related  to  the  effects  of  this  alcohol 
on  the  intracellular  availability  of  free,  ion- 
ized calcium  (Ca*^"^).  Ethanol  has  been  dem- 
onstrated to  affect  the  movement  of  Ca^^ 
in  certain  excitable  tissues  (16).  Ethanol-in- 
duced  enhanced  uptake,  or  release  of  in- 
tracellular Ca^^  could  result  in  a  potentiation 
of  PG  contractions. 

In  this  context,  it  is  known  that  a  wide 
concentration  range  of  ethanol  (i.e.,  50-430 
mA/)  can  inhibit  the  contractile  effect  of 
Ca^^  in  potassium-depolarized  rat  aortic 
strips  and  portal  vein  segments  (2,  3,  17, 
18).  Since  Ca^"^  is  undoubtedly  the  link  be- 
tween excitation  and  contraction  for  PG 
compounds  in  blood  vessels  (19,  20),  high 
concentrations  of  ethanol  could  inhibit  these 
contractions  by  simply  reducing  the  availa- 
bility of  free,  ionized  Ca*^^  (17,  18).  Alter- 
natively, one  might  be  tempted  to  suggest 
that  the  inhibitory  effects  of  ethanol  on  PG- 
induced  contractions  might  be  due  to  an 
affect  of  the  alcohol  on  vascular  smooth 
muscle  cell  metabolism  and/or  the  con- 
tractile proteins.  The  present  results,  how- 
ever, indicate  that  although  different  con- 
centrations of  ethanol  can  potentiate  or 
inhibit  PGA,  or  B,  responses,  the  con- 
tractile responses  elicited  by  PGE,  are  only 
inhibited.  If  ethanol  exerted  a  general  effect 
on  metabolism  and/or  the  contractile  pro- 
teins, one  might  expect  a  particular  con- 
centration of  the  alcohol,  e.g.,  170  mAf ,  to 
be  inhibitory  for  all  three  PG  compounds. 
The  latter  is,  however,  not  the  case. 

Irrespective  of  the  exact  mechanism(s)  by 
which  ethanol  enhances  and  attenuates  PG 
contractions  of  aortic  and  venous  smooth 
muscle,  one  must  be  cautious  in  the  use  of 
alcohol  as  a  solvent  for  PG  compounds 
when  investigating  vascular  smooth  muscle . 

Summary.  The  present  results,  using  iso- 
lated rat  aortic  strips  and  portal  vein  seg- 
ments, demonstrate  that  ethanol  (5-430 
mAf)  can  both  enhance  and  attenuate  the 


contractile  actions  of  a  variety  of  prostaglan- 
din (PG)  compounds  on  at  least  two  differ- 
ent types  of  vascular  smooth  muscle .  At  the 
very  least,  the  present  findings  question  the 
use  of  ethanol  as  a  solvent  when  investigat- 
ing the  contractile  actions  of  PG  molecules 
on  smooth  muscle. 

The  authors  are  grateful  to  both  Dr.  John  E.  Pike 
and  Dr.  John  Babcock  of  the  UpJohn  Company  for    | 
generously  providing  us  with  the  prostaglandin  com- 
pounds used  in  these  studies. 
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as  previously  been  shown  that  several 
al  compounds,  interferon,  and  in- 
of  interferon  are  effective  in  prevent- 
£q>es  simplex  virus,  type  1,  (HVH) 
ons  (1-7).  The  comparative  efficacy 
se  agents  has  been  difficult  to  evalu- 
irtly  because  they  generally  have  been 
i  under  different  experimental  condi- 
In  addition  combination  therapy  for 
infection  has  not  been  thoroughly  ex- 
.  The  present  study  therefore  was  un- 
en  to  compare  under  similar  experi- 
1  conditions  the  therapeutic  effective- 
f  six  antiviral  agents  during  systemic 
infection  in  mice.  Combinations  of 
)f  the  drugs  also  were  evaluated.  The 
tested  were  adenine  arabinoside 
-A)  cytosine  arabinoside  (ARA-C), 
idine  (IDU),  phosphonoacetic  acid 
),  and  the  interferon  inducer  polyino- 
olycytidylic  acid  (In.Cn).  Particular 
isis  was  placed  on  examining  the  tox- 
f  the  various  compounds  and  effec- 
ts against  HVH-induced  mortality. 
?rials  and  methods.  Mice  and  virus. 
type  1  strain  VR3,  was  originally  ob- 
from  Dr.  A.  J.  Nahmias  and  was 
ed  in  primary  rabbit  kidney  cells.  The 
nfectivity  was  determined  by  the  mi- 
que  assay  in  BHK-21  cells.  NIH  Gen- 
urpose  Swiss  male  mice  of  22-27  g 
ised  throughout  the  study.  They  were 
ited  ip  with  2  LD50  (1(P"  TCIDso)  of 
in  0.2  ml  of  Eagle's  MEM  medium 
%  fetal  bovine  serum.  Most  deaths  in 
mice  occurred  between  the  seventh 
*venth  days  after  infection .  On  Day  7 
ifection  histologic  examination  of  the 
of  infected  mice  revealed  multiple 

;ent  address:  St.  Elizabeth's  Hospital.  Boston, 

k'ersity  of  Texas,  School  of  Medicine,  Galves- 
t.  77550. 


areas  of  focal  necrosis  with  polymorphonu- 
clear cell  infiltration:  less  pathologically  se- 
vere lesions  were  usually  found  in  the  brains 
and  lungs  of  HVH-infected  mice.  HVH  was 
consistently  isolated  from  the  brains  (10^- 
1 0®  PFU/g)  but  rarely  from  the  livers  of  such 
mice. 

Drugs.  All  drugs  were  administered  ip. 
Drugs  injected  on  the  same  day  as  virus 
were  given  2  hr  after  the  virus.  ARA-A  was 
obtained  in  powder  form  from  the  Parke 
Davis  Co.,  and  suspended  in  distilled  water 
to  a  final  concentration  of  40  mg/ml.  The 
ARA-A  was  not  soluble  in  water,  and  there- 
fore the  fine  particles  of  ARA-A  were  well 
suspended  before  the  injection.  IDU  was 
obtained  from  Calbiochem  and  diluted  with 
phosphate  buffered  saline  at  pH  7.2,  to  a 
final  concentration  of  40  mg/ml.  ARA-C 
was  obtained  from  the  Upjohn  Co.  and  di- 
luted with  sterile  water  to  a  concentration  of 
5  mg/ml.  Double-stranded  In.Cn  was  pur- 
chased from  P.  L.  Biochemicals,  and  pre- 
pared as  a  1 .0  mg/ml  solution  in  phosphate 
buffered  saline,  pH  7.6. 

Interferon  was  prepared  in  mouse  C-243 
cells  using  Newcastle  disease  virus  as  de- 
scribed previously  (8).  The  final  concentra- 
tion was  10^  reference  units  per  ml.  Phos- 
phonoacetic acid  (PAA)  was  obtained  from 
Abbott  Laboratories  and  diluted  with  dis- 
tilled water  to  a  final  concentration  of  20 
mg/ml. 

Statistics.  Significance  of  differences  in 
mortality  was  determined  using  the  chi- 
square  test.  Significance  of  differences  in 
survival  time  was  determined  using  the 
Mann- Whitney  U  test.  Percent  protection 
was  calculated  by  the  formula,  mortality 
rate  in  virus  controls  minus  rate  in  treated 
group  divided  by  mortality  rate  in  virus  con- 
trols multiplied  by  100. 

Results.  Comparison  of  ARA-A,  ARA-C, 
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TABLE  I.  IDU,  ARA-C,  or  ARA-A  Toxicity  and  Protechon  against  HSV  in  Micfi" 


Mortality 

Drug  only 

Virus  infected* 

Expt. 

no. 

Drug 

Dose  (mg/kg) 

Dead/total 

Mortality  (% 

1        Dead/total 

Mortality  {%) 

1 

ARA-C 

100 

5/10 

50 

15/15 

100 

ARA-C 

50 

2/10 

20 

12/15 

80 

ARA-C 

25 

0/10 

0 

13/15 

87 

IDU 

1000 

9/10 

90 

15/15 

100 

IDU 

500 

2/10 

20 

11/15 

73 

IDU 

250 

0/10 

0 

9/13 

70 

None 

18/30 

60 

2 

ARA-A 

1000 

0/10 

0 

2/15 

13*^ 

ARA-A 

500 

2/10 

20 

0/15 

or 

IDU 

250 

1/10 

10 

11/15 

73 

ARA-C 

25 

2/10 

20 

13/15 

87 

None 

24/30 

80 

3 

ARA-A 

1000 

2/10 

20 

1/15 

7- 

ARA-A 

500 

0/10 

0 

0/15 

0^ 

IDU 

250 

2/10 

20 

7/15 

47 

ARA-C 

25 

0/10 

0 

11/14 

79 

None 

13/30 

40 

4 

ARA-A 

250 

0/20 

0 

1/20 

5 

ARA-C 

15 

0/15 

0 

12/15 

80 

ARA-C 

10 

0/15 

0 

11/15 

73 

ARA-C 

5 

0/15 

0 

11/15 

73 

IDU 

150 

0/15 

0 

10/15 

67 

IDU 

100 

0/15 

0 

9/15 

60 

IDU 

50 

0/15 

0 

11/15 

73 

None 

20/30 

67 

**  Treatment  started  2  hr  after  virus  and  repeated  daily  for  a  total  of  five  doses  ip. 
*  Virus-infected  mice  were  inoculated  ip  with  2  LDjo  (10'"  TCIDjo)  of  HSV. 


'  P  <  0.01. 
"  P  <  0.05. 

and  IDU  for  toxicity  and  protection  (Table 
I).  In  these  experiments  treatment  was 
started  2  hr  after  virus  and  repeated  daily 
for  a  total  of  five  doses  ip.  All  three  dosage 
schedules  of  ARA-A  used  (1000,  500,  and 
250  mg/kg/day  ip)  were  highly  effective  in 
reducing  mortality  in  HVH-infected  mice. 
ARA-C  and  IDU  both  exhibited  significant 
toxicity  at  the  highest  doses  used  as  mea- 
sured by  deaths  in  the  uninfected  controls. 
At  a  dose  of  IDU  without  obvious  toxicity 
(150  mg/kg/day  or  less),  no  antiviral  effect 
of  IDU  could  be  demonstrated.  Similarly,  a 
nontoxic  dose  of  ARA-C  (15  mg/kg/day  or 
less)  was  not  protective;  mice  which  re- 
ceived the  relatively  nontoxic  dose  of  25 
mg/kg/day  of  ARA-C  have  a  significantly 
decreased  survival  time  when  compared  to 
untreated  infected  mice  (P  <  0.01).  Thus, 
ARA-A  was  highly  effective  when  begun  2 


hr  after  HVH  infection,  while  ARA-C  and 
IDU  over  a  wide  range  of  doses  were  not 
effective  under  similar  experimental  condi- 
tions. 

Toxicity  of  and  protection  against  HVH  in 
mice  by  PAA  (Table  H).  It  has  been  re- 
ported previously  that  PAA,  at  a  dose  of 
200  mg/kg/day,  is  effective  in  preventing 
paralysis  and  death  of  mice  when  given  sys- 
temically  24  or  72  hr  after  HVH  infection 
(9).  In  the  present  study  the  same  dose  of 
PAA  was  nontoxic  following  systemic  treat- 
ment of  mice.  However,  as  shown  in  Table 
II,  no  significant  protection  was  noted.  In 
similar  experiments  (not  shown)  there  also 
was  no  protection  even  when  mice  were 
treated  with  PAA  24  hr  before  virus  infec- 
tion. 

Postinfection  treatment  with  ARA-A  of 
HVH-infected  mice.  Experiments  were  per- 
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Drug  only 


Virus  infected" 


Expt. 
no. 


Drug 


Survival 
time  sig- 
Mortal-  nifi- 


Dose  (mg/        Days  of  Mortal-  Mortal-  nifi- 

kg)  treatment      Dead/total     ity  (%)     Dead/total     ity  (%)         cance 


PAA 

None 

PAA 

None 

PAA 
None 


200 


200 


200 


3-8 


1-6 


1-3 


1/10 
ND* 
ND 


10 
ND 
ND 


14/15 
14/15 

8/14 
10/15 

5/15 
9/15 


93 
93 

57 
67 

33 
60 


0.7 


0.4 


0.3 


«  2  LDso  (10*  °  TCIDso)  of  HSV  injected  ip  on  Day  0. 
*  Not  done. 


formed  to  determine  how  late  in  the  course 
of  HVH  infection  therapy  with  ARA-A 
could  be  initiated  and  still  be  effective  (Fig. 
1).  Treatment  with  ARA-A  (1000  mg/kg/ 
day  for  5  days)  begun  2  or  3  days  after  virus 
inoculation  was  still  highly  effective  in  pre- 
venting deaths.  Thus  therapy  with  ARA-A 
was  effective  when  begun  as  late  as  3  days 
after  experimental  HVH  infection. 

Combination  therapy  against  HVH  infec- 
tion in  mice.  Since  by  themselves  ARA-A, 
interferon,  and  In.Cn  (an  inducer  of  inter- 
feron; (10))  have  been  shown  to  prevent 
HVH  infection  in  mice,  a  series  of  experi- 
ments were  performed  to  determine  if  com- 
binations of  these  drugs,  could  provide  even 
more  protection  than  the  drugs  alone.  In 
numerous  experiments  no  mortality  or  ob- 
vious morbidity  was  noted  in  mice  which 
received  just  In.Cn  or  interferon  at  the  dose 
levels  used  in  the  above  experiments.  Simi- 
larly, administration  of  both  In.Cn  and  in- 
terferon was  without  obvious  toxicity  in  un- 
infected mice.  Treatment  with  either  In.Cn 
or  interferon  beginning  on  Day  3  did  not 
result  in  significant  reduction  in  mortality 
(Table  III).  Treatment  with  In.Cn  was  not 
continued  beyond  2  days  since  hyporespon- 
siveness  of  continued  interferon  production 
occurs  after  2  days  of  treatment  (10).  Treat- 
ment with  interferon  (lO'*  units  daily  for  5 
days)  beginning  on  Days  3  and  4  gave  er- 
ratic protection  in  preliminary  experiments. 
Since  many  of  the  deaths  in  these  experi- 
ments occurred  after  termination  of  inter- 
feron   treatment,    additional    experiments 
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Fig.  1.  Postinfection  treatment  with  ARA-A  (100 
mg/kg/day  ip  for  5  days)  of  HVH-infected  mice.  Each 
dot  represents  percentage  protection  in  an  individual 
experiment  when  therapy  was  begun  on  the  indicated 
day. 

were  performed  using  8  days  of  treatment. 
Slight  but  significant  protection  by  inter- 
feron as  measured  by  survival  time  occurred 
in  two  of  two  experiments  (Table  III)  (Ex- 
periments 2  and  3),  but  mortality  was  not 
significantly  reduced  by  interferon  treat- 
ment. Combined  In.Cn  and  interferon  ther- 
apy resulted  in  both  a  decrease  in  mortality 
and  a  prolonged  survival  time.  However, 
when  the  combined  In.Cn  and  interferon 
therapy  group  was  compared  directly  with 
the  group  which  received  only  interferon, 
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TABLE  III.  Therapy  with  Interferon  and  In.Cn  against  HSV  Infection  in  Mice. 


Mortality 

Mortality 

Survival  time 

Expt.  no. 

Drug 

Dose  schedule 

Dead/total 

(%) 

significance 

1 

In.Cn 

100  /ig  Days  3,  4 

6/15 

40 

0.4 

In.Cn 

50  /ig  Days  4,  5 

7/15 

47 

1.0 

Interferon 

10^  units  Days  3-7 

11/15 

73 

0.5 

Interferon 

10*  units  Day  4-8 

9/15 

60 

0.9 

In.Cn  +  Interferon 

100  /ig  Days  3,4 

10*  units  Days  5-9 

7/15 

47 

0.18 

None 

8/15 

53 

2 

In.Cn 

100 /ig  Days  3,  4 

12/15 

80 

0.8 

Interferon 

10*  units  Days  4-11 

9/15 

60 

0.01 

In.Cn  +  Interferon 

100  /igDays3,  4 

10*  units  Days  4-11 

7/15 

47 

0.03 

None 

12/15 

80 

3 

In.Cn 

100  /ig  Days  3,  4 

14/15 

93 

0.9 

Interferon 

10*  units  Days  4-11 

12/15 

80 

0.05 

In.Cn  + 

100  /ig  Days  3.  4 

Interferon 

10*  units  Days  4-11 

7/15 

47" 

0.03 

None 

14/15 

93 

P  <  0.05. 


the  survival  times  and  the  decreased  mortal- 
ity were  not  significantly  different. 

It  has  recently  been  reported  that  ARA- 
A  and  human  interferon  are  synergistic  in 
vitro  against  HVH  (11);  the  possibility  was 
therefore  suggested  that  combined  therapy 
with  interferon  and  ARA-A  might  be  signif- 
icantly more  effective  in  vivo  than  therapy 
with  either  agent  alone.  In  other  experi- 
ments, not  shown  here,  ARA-A  was  com- 
bined with  either  In.Cn  (four  experiments) 
or  interferon  (three  experiments)  in  the 
therapy  of  this  experimental  HVH  infec- 
tion. The  dosages  of  these  drugs  were:  (a) 
ARA-A,  1000  mg/kg/day  for  5  days  begin- 
ning on  Day  3  or  4 ;  (b)  In  .Cn  50  or  1 00  /xg/ 
day  for  2  days  beginning  on  Day  3  or  4;  (c) 
interferon  10"*  units/day  for  5  or  8  days  be- 
ginning on  Day  3  or  4.  The  combinations 
were  no  more  effective  in  decreasing  mor- 
tality or  prolonging  survival  time  than  the 
ARA-A  alone.  In  fact  the  combination  of 
ARA-A  and  In.Cn  proved  to  be  toxic,  giv- 
ing a  mortality  range  of  33  to  90%  in  the 
uninfected  controls.  Even  when  the  dosage 
of  In.Cn  was  decreased  to  12.5  /xg  daily  for 
2  days,  in  combination  with  ARA-A  at 
1000  mg/kg  daily  for  5  days,  there  was  still 
high  mortality  in  the  uninfected  controls. 
Only  when  the  dose  of  ARA-A  was  reduced 


to  500  mg/kg/day  for  5  days  was  there 
no  mortality  in  the  uninfected  controls. 
When  H  VH-infected  mice  were  treated  with 
this  nontoxic  combination  (500  mg/kg/day 
ARA-A  and  100  /xg  In.Cn  for  2  days  and  50 
/xg  In.Cn/day  for  3  more  days),  no  reduc- 
tion in  mortality  or  increase  in  survival  time 
was  observed. 

Discussion,  The  present  findings  extend 
the  previous  demonstrations  of  efficacy  of 
ARA-A  by  showing  its  clear  superioritv 
over  the  five  other  antiviral  agents  tested 
under  the  same  conditions  against  HVH  in- 
fection of  mice.  Interferon  at  the  highest 
dose  used  was  less  protective  than  was 
ARA-A  while  ARA-C,  IDU,  PAA,  and 
In.Cn  had  no  antiviral  effect  in  the  present 
system.  Of  the  several  combinations  of  anti- 
viral drugs  tested,  none  was  significantly 
more  effective  than  either  agent  alone.  Un- 
expectedly the  protective  and  nontoxic 
1000  mg/kg  dose  of  ARA-A,  when  com- 
bined with  nontoxic  doses  of  In.Cn,  resulted 
in  a  synergistic  mortality  of  33-90%  in  unin- 
fected mice. 

Similar  to  the  present  findings  a  number 
of  previous  studies  of  ARA-A  have  shown  it 
to  be  effective  in  the  treatment  of  HVH  and 
vaccinia  virus  infections  in  mice,  even  when 
therapy  with  ARA-A  was  initiated  as  late  as 
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•  after  infection  (1 ,  4,  5,  7).  In  three  of 
previous  studies,  treatment  with 
L-A  appeared  to  be  superior  to  that 
IDU  when  the  two  drugs  were  used  in 
ime  experiments  (1,  4,  5).  Particularly 
jraging  has  been  the  recent  report  of  a 
le-blind  trial  which  demonstrated  the 
tiveness  of  systemic  ARA-A  in  the 
Tient  of  herpes  simplex  keratouveitis  in 
(12). 

has  been  somewhat  more  difficult  to 
mstrate  a  significant  protective  effect 
ther  ARA-C  or  IDU  in  experimental 
infections.  In  mice,  ARA-C  has  been 
n  to  be  effective  only  when  HVH  and 
were  both  given  by  intracerebral  inoc- 
)n  (1,  13,  14).  In  an  experimental 
[  infection  in  rats,  which  are  relatively 
ant  to  the  toxic  effects  of  ARA-C,  a 
Scial  effect  of  ARA-C  was  observed 
when  initiation  of  therapy  was  delayed 
days  after  virus  inoculation  (15).  Simi- 
the  present  findings  in  mice,  ARA-C 
loted  to  have  a  deleterious  effect  on 
Tiinated  herpes  zoster  infection  of  man 
Reports  such  as  these  emphasize  the 
sity  of  very  careful  evaluation  of  anti- 
drugs which  have  significant  side  ef- 
particularly  immunosuppressive  ef- 
Consistent  with  the  present  findings, 
Ffect  of  IDU  on  mortahty  has  been 
1  in  experimental  HVH  infection  of 
or  encephalitis  and  disseminated  HVH 
ion  in  marmosets  (17,  18),  although 
beneficial  effects  were  noted  in  guinea 
19,20). 

contrast  to  our  negative  findings  with 
,  it  has  been  noted  to  be  effective  in 
al  experimental  HVH  infections  in 
even  when  therapy  was  delayed  72  hr 
initiation  of  infection  (9).  Possible  rea- 
br  the  differences  in  protection  include 
of  virus  or  mice  and  routes  of  adminis- 
n  and  dissemination  of  virus, 
using  combinations  of  different  anti- 
igents  which  are  effective  through  dif- 
;  mechanisms  of  action  and  which  pos- 
liffering  toxicities,  it  was  hoped  that 
effective  therapy  of  this  experimental 
ion  could  be  obtained.  This  was  partic- 
true  since  ARA-A  and  interferon 
jeen  reported  recently  to  be  synergis- 
vitro  against  HVH  (11).  In  fact,  this 


sort  of  added  effectiveness  was  not  noted. 

The  superior  therapeutic  effectiveness  of 
ARA-A  may  be  related  to  its  relative  lack  of 
toxicity.  The  deleterious  effects  of  ARA-C 
during  HVH  infections  in  mice  and  man 
(16)  emphasize  the  need  for  careful  evalua- 
tion of  potentially  toxic  drugs.  Equal  cau- 
tion must  be  used  in  the  evaluation  of  com- 
binations of  antiviral  drugs,  since  unex- 
pected toxicities  may  be  noted  when  differ- 
ent drugs  are  combined.  The  observed  com- 
bined toxicity  of  nontoxic  doses  of  ARA-A 
and  effective  but  nontoxic  doses  of  In.Cn 
(as  determined  previously  (23))  provides 
such  an  example. 

Summary,  The  therapeutic  effectiveness 
of  six  antiviral  agents  and  certain  combina- 
tions were  evaluated  under  the  same  experi- 
mental conditions  during  systemic  HVH  in- 
fection of  mice.  The  agents  used  were  ade- 
nine arabinoside  (ARA-A),  cytosine  arabi- 
noside  (ARA-C),  idoxuridine  (IDU),  polyi- 
nosinic.polycytidylic  acid  (In.Cn),  inter- 
feron, and  phosphonoacetic  acid  (PAA). 
Treatment  with  ARA-A  begun  as  late  as  3 
days  after  the  virus  infection  was  highly  ef- 
fective in  preventing  death.  Interferon  be- 
gun on  Day  4  prolonged  survival.  In  similar 
experiments,  no  antiviral  effect  of  either 
IDU  or  PAA  could  be  demonstrated,  while 
therapy  with  ARA-C  potentiated  the  infec- 
tion. Of  the  drug  combinations  tested,  none 
was  more  effective  than  the  better  agent 
alone.  Unexpectedly  a  protective  and  non- 
toxic dose  of  ARA-A  when  combined  with  a 
nontoxic  dose  of  In.Cn  resulted  in  a  syner- 
gistic mortality  in  uninfected  mice. 
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a  previous  communication  (1),  we  re- 
jd  on  the  demonstration  of  tumor-asso- 
d  antigens  (TAA)  in  sarcomas  obtained 

direct  inoculation  of  newborn  hamsters 
vith  herpes  simplex  virus  type  2  (HSV- 
'he  antigens  were  detected  in  the  sarco- 

as  well  as  in  the  sera  of  tumor-bearing 
iters,  by  the  immunoadsorption-in-gel 
lod.  The  purpose  of  this  investigation 

0  determine  the  antigenic  interrelation- 
.  between  HSV-2,  the  HSV-2  associ- 

sarcomas  and  human  cervical  cancer, 
ed  by  other  methods  to  HSV-2  (3). 
iterials  and  methods.  Viruses.  The  MS 
SV-2  and  the  VR3  strain  of  HSV-1  were 
agated  in  HEp-2  cells  grown  in  Eagle's 
A  with  2%  fetal  calf  serum  (PCS). 
mors.  The  two  HSV-2  associated  ham- 
sarcomas,  OT-1  and  OT-11,  studied 
^r  (1)  were  employed.  For  control  pur- 
),    Para    (defective    SV40)-adenovirus 

1  7)  hamster  tumor  (obtained  from 
F.    Rapp,   Hershey   Medical   Center) 

used.  Cervical  cancer  biopsy  tissues 
Z\)  and  a  cervical  cancer  cell  line  (C4- 
/ere  obtained  from  Dr.  E.  Franklin, 
ry  University  School  of  Medicine,  and 
4.  Auersberg,  University  of  British  Co- 
ia,  Vancouver,  respectively. 
tigens  and  antisera.  The  methods  for 
iration  of  tumor  or  normal  tissue  anti- 
and  of  rabbit  hyperimmune  sera  (listed 
ble  I)  have  been  reported  earlier  (1). 
rification  of  TAA  and  anti-TAA  ofOT- 
imors.  The  immunoadsorption-in-gel 
lique,   described  previously   (1),  was 

ological  methods,  (i)  Immunodiffusion 
Antisera  to  the  virus  or  tumor  prepa- 

pported  by  an  NSF  Institutional  Grant  to  Geor- 
te  University,  the  Urban  Life  Center,  NCI  Grant 
6806)  and  NCI  Contract  (NOICP  43393). 


rations  were  reacted,  after  adsorption  with 
appropriate  antigens,  with  homologous  and 
heterologous  antigen  preparations.  The  ad- 
sorption-in-gel  procedure,  previously  em- 
ployed (1),  consisted  essentially  of  placing 
the  adsorbing  antigen  preparation  in  the 
central  well,  allowing  it  to  diffuse  for  2  hr  at 
37°,  then  replacing  it  with  the  antiserum  to 
be  adsorbed.  The  peripheral  wells  were 
filled  with  the  homologous  and  heterolo- 
gous test  antigens,  including  the  adsorbing 
antigens  as  controls,  (ii)  Passive  hemaggluti- 
nation (PHA)  tests:  The  micro  PHA  proce- 
dure was  employed,  as  described  earlier  (4). 
Each  experiment  was  repeated  at  least  three 
times. 

Results.  Table  II  presents  the  immunodif- 
fusion results  obtained  when  the  antisera, 
adsorbed  with  appropriate  antigens,  were 
reacted  with  the  homologous  and  heterolo- 
gous antigens.  Positive  reactions  indicate 
one  or  more  precipitin  lines.  None  of  the 
adsorbed  antisera  reacted  with  the  adsorb- 
ing antigens;  neither  did  preimmunization 
sera  react  in  these  assays  nor  in  any  other 
serological  test  used  in  these  studies. 

Antiserum  to  HSV-2  reacted  with  HSV- 
2,  HSV-1 ,  OT-l ,  OT-1 1 ,  and  Ca  Cx  (Table 
II).  A  precipitin  line  of  partial  identity  was 
noted  between  HSV-2,  OT-1,  OT-11,  and 
Ca  Cx  (Fig.  1).  When  the  anti-HSV-2  serum 
was  adsorbed  with  HSV-2,  no  immuno- 
precipitin  lines  were  formed  with  the  previ- 
ously positive  homologous  or  heterologous 
antigens.  Anti-HSV-1  serum  reacted  only 
with  the  two  HSV  antigens.  No  reaction 
appeared  with  homologous  adsorption 
whereas  adsorption  with  the  heterologous 
HSV-2  antigen  eliminated  the  reaction  with 
HSV-2  only  (Fig.  2). 

Antisera  to  cervical  cancer  tissues  and  to 
C4-II  cervical  cancer  cell  line  reacted  with 
HSV-2,  OT-11,  Ca  Cx,  and  C4-II  with  a 
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TABLE  I.  Antigens  and  Antisera  Used  in  Immunodiffusion  and  Passive  Hemagglutination 

Studies. 


Test  and/or  adsorbing  antigens 


Homologous  anti- 
sera  prepared 


Comments 


Herpes  simplex  virus  type  2  (HSV.2) 
Herpes  simplex  virus  type  1  (HSV-1) 
OT-1  tumor 

yes 
yes 
yes 

OT-11  tumor 

yes 

OT-11  TAA 
Para-7  tumor 

yes  (purified) 
yes 

Normal  hamster  liver,  muscle,  and  serum 

no 

C4-II  cell  culture 

yes 

Cervical  cancer  tissue 
Normal  human  liver  and  serum 

yes 

no 

Fetal  calf  serum 

yes 

HEp-2  cells 

yes 

MS  strain 

VRa  strain 

HSV-2  (MS  strain )-associated  hamster  chondro- 
sarcoma 

HSV-2  (Pitts  strain )-associated  hamster  heman- 
giosarcoma 

Purified  tumor-associated  antigens  of  OT-11 

Para  (defective  SV40)-adenovirus  7  hamster  tu- 
mor 

Obtained  from  normal  uninoculated  inbred 
hamsters 

Developed  from  human  invasive  cervical  cancer 
tissue 

Pooled  cervical  cancer  tissues 

Pools  of  9  livers  and  of  12  human  sera  from 
noncancer  individuals 

Used  for  propagation  of  HSV-1,  HSV-2,  and 
C4-II 

Used  for  propagation  of  HSV-1  and  HSV-2 


TABLE  II.  Immunodiffusion  Results  When  Various  Antisera,  after  aosoRPTiON  wnn  the 
Appropriate  Antigen(s),  Were  Reacted  with  the  Homologous  and  Heterologous  Antigens. 

Test  antigens 


sera  to: 

Adsorbing  antigens 

HSV-2 

HSV-1 

OT-1 

OT-11 

Para-7 

CaCx 

C4-II 

HSV-2 

FCS»  +  HEp-2 

+* 

+ 

+ 

+ 

0 

+ 

0 

HSV-2 

0 

0 

0 

0 

0 

0 

HSV-1 

+ 

0 

+ 

+ 

0 

0 

HSV-1 

PCS  +  HEp-2 

+ 

+ 

0 

0 

0 

0 

0 

HSV-1 

0 

0 

0 

0 

0 

0 

HSV-2 

0 

+ 

0 

0 

0 

0 

CaCx 

NHuL^  +  NHuS* 

■f 

0 

+ 

+ 

0 

+ 

+ 

CaCx 

0 

0 

0 

0 

0 

0 

OT-1 

0 

0 

0 

0 

0 

+ 

OT-11 

0 

0 

0 

0 

0 

+ 

C4-II 

PCS  +  NHuL 

+ 

0 

0 

+ 

0 

+ 

+ 

OT-1 

NHL*^  +  NHS^ 

0 

0 

■f 

+ 

+ 

+ 

0 

OT-1 

0 

0 

0 

0 

0 

0 

0 

Para  7 

0 

0 

+ 

+ 

0 

+ 

0 

Ca  Cx  +  NHL  +  NHS 

0 

0 

+ 

+ 

+ 

0 

OT-11 

NHS  +  NHL 

0 

0 

+ 

+ 

+ 

-f 

0 

OT-11 

0 

0 

0 

0 

0 

0 

0 

Para  7 

0 

0 

■f 

-♦- 

0 

+ 

0 

Ca  Cx  +  NHL  +  NHS 

0 

0 

+ 

+ 

+ 

0 

Para? 

NHS  +  NHL 

0 

0 

+ 

+ 

+ 

0 

0 

Para  7 

0 

0 

0 

0 

0 

0 

0 

OT-1 

0 

0 

0 

0 

+ 

0 

0 

OT-11 

0 

0 

0 

0 

+ 

0 

0 

«  Fetal  calf  serum. 

*  +  = 

one  or  more  immunoprecipitin  lines. 

'  Normal  human  liver. 

'^  Normal  human  serum. 

'  Normal  hamster  liver. 

'  Normal  hamster  serum. 

pattern  of  partial  identity  in  one  of  the  pre-  reactions,  whereas  adsoiption  of  anti-Ca  Cx 
cipitin  lines.  Adsorption  with  Ca  Cx  re-  serum  with  OT-1  or  OT-11  did  not  elimi- 
moved  homologous,  as  well  as  heterologous     nate  reactivity  with  Ca  Cx  (Fig.  3). 
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.  Immunodiffusion  patterns:  central  well  con- 
5bit  anti-HSV-2  serum  adsorbed  with  HEp-2 
i  FCS.  The  peripheral  wells  contain  antigen 
ions  of:  (1)  HSV-2;  (2)  OT-1;  (3)  OT-11;  (4) 
:5)  HEp-2  cells  with  FCS;  (6)  HSV-1. 


)         ® 


®        ©       ® 
®        ® 


.  Immunodiffusion  patterns:  central  wells  con- 
bit  anti-HSV-1  serum  =  (A)  adsorbed  with 
rells  and  FCS,  and  (B)  adsorbed  with  HSV-2. 
ipheral  wells  contain  antigen  preparations  of: 
-1 ;  (2)  OT-1 ;  (3)  OT-1 1 ;  (4)  Ca  Cx;  (5)  HEp- 
nd  FCS;  (6)  HSV-2. 

isera  to  OT-1  and  OT-1 1  reacted  with 
and  with  the  three  hamster  tumor 
ations,  including  Para-7.  When  these 
a  were  adsorbed  with  Para-7,  two  im- 
)recipitin  lines  were  noted  with  the 
ogous  antigens,  one  of  which  showed 
identity  with  Ca  Cx  (Fig.  4).  Adsorp- 
'  the  anti-OT-1  and  OT-11  sera  with 
removed  the  reactivity  with  Ca  Cx 
\nti-Para-7  serum  showed  a  common 
itin  line  with  all  three  hamster  tumor 
IS,  which  was  abolished  after  adsorp- 
ith  either  OT-1  or  OT-1 1  (Fig.  5). 
TAA  of  OT-1 1  and  antiserum  to  the 
lad  been  purified  earlier  (1 )  and  these 
ations  were  tested  by  passive  hemag- 
tion  assays.  As  noted  in  Table  III, 
1:32  titers  were  obtained  when  anti- 
.  OT-11,  HSV-2,  and  C4-II  were  re- 
with  the  purified  TAA  of  OT-11, 
is  antisera  to  HSV-1,  HEp-2  cells, 
*tal  calf  serum  were  nonreactive. 
purified  antiserum  to  TAA  of  OT-1 1 
sted  with  various  antigen  prepara- 
x)sitive  reactions  of  1 :2  to  1 :64  were 
id  with  HSV-2,  OT-11,  and  C4-II, 
IS  no  reaction  was  demonstrated  with 
I    preparations    of    HSV-1,    HEp-2 


cells,  FCS,  and  normal  hamster  liver  (Table 
IV). 

Discussion,  Following  the  demonstration 
of  tumor-associated  antigens  in  sarcomas 
obtained  after  inoculation  of  HSV-2  in  new- 
born hamsters  (2),  it  was  of  interest  to  as- 
certain whether  HSV-related  antigens  could 
be  detected  in  these  tumors.  As  noted  in 
Table  II,  cross-reactivity  was  found  between 
anti-HSV-2  sera  and  the  HSV-2  associated 
hamster  tumors  (OT-1  and  OT-11).  Anti- 
HSV-2  serum  also  reacted  by  passive  he- 
magglutination with  the  purified  TAA  of 
OT-1 1 .  Anti-HSV-1  serum  did  not  react  by 
either  assay  with  any  of  the  hamster  tumors. 
The  antisera  to  either  OT-1  or  OT-1 1  failed 
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Fig.  3.  Immunodiffusion  patterns:  central  wells  con- 
tain rabbit  anti-Ca  Cx  serum  =  (A)  adsorbed  with 
NHuL  +  NHuS,  and  (B)  adsorbed  with  OT- 1  or  OT-11 . 
The  peripheral  wells  contain  antigen  preparations  of: 
(1)  Ca  Cx;  (2)  OT-1 1 ;  (3)  C4-II;  (4)  Para-7;  (5)  NH,L 
+  NHuS;  (6)  HSV-2. 

©^ 

©  "^(© 
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Fig.  4.  Immunodiffusion  patterns:  central  wells  con- 
tain rabbit  anti-OT-1  serum  =  (A)  adsorbed  with  NHL 
+  NHS,  and  (B)  adsorbed  with  Para-7.  The  peripheral 
wells  contain  antigen  preparations  of:  (1)  OT-1;  (2) 
OT-11;  (3)  Ca  Cx;  (4)  C4-II;  (5)  NHL  +  NHS;  (6) 
Para-7. 
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Fig.  5.  Immunodiffusion  patterns:  central  wells  con- 
tain rabbit  anti-Para-7  serum  =  (A)  adsorbed  with 
NHL  +  NHS,  and  (B)  adsorbed  with  OT-1  or  OT-1 1 . 
The  peripheral  wells  contain  antigen  preparations  of: 
(1 )  Para-7;  (2)  OT-1 ;  (3)  Ca  Cx;  (4)  C4-II;  (5)  NHL  + 
NHS;  (6)  OT-11. 
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TABLE  III.  Passive  Hemagglutination  Titers 
Obtained  with  PuwnED  TAA  of  OT-11. 


Antisera  to: 

Reciprocal  titers  obtained 

with  purified  TAA  of 

OT-ll 

OT-11 

16 

HSV-2 

32 

C4-II 

8 

HSV-1 

<2 

HEp-2 
FCS 

<2 

<2 

TABLE  IV.  Passive  Hemagglutination  Titers 

Obtained  with  Purihed  Antiserum  to  TAA  of 

OT-11. 


Reciprocal  titers  obtained 

with  antiserum  to  TAA  of 

Antigens 

OT-11 

OT-11 

8 

C4-II 

64 

HSV-2 

2 

HSV-1 

<2 

HEp-2 

<2 

FCS 

<2 

NHL 

<2 

to  react  in  immunodiffusion  tests  with  HSV- 
2,  but  a  very  weak  reaction  was  obtained 
between  the  purified  anti-TAA  of  OT-11 
and  HSV-2  in  the  PHA  test  (Table  IV).  The 
anti-HSV-2  serum  failed  to  react  with  the 
Para-7  hamster  tumor.  Adsorption  of  the 
anti-HSV-2  serum  with  HSV-2  removed  ho- 
mologous reactivity,  as  well  as  heterologous 
reactivity  with  the  HSV-2  associated  tu- 
mors, implying  the  presence  of  common  an- 
tigens between  HSV-2,  OT-1,  and  OT-11. 
The  hyperimmune  rabbit  anti-HSV-2,  but 
not  the  anti-HSV-1 ,  serum  also  reacted  with 
cervical  cancer  tissue  antigens  (Ca  Cs).  The 
converse  was  also  observed,  i.e.,  that  anti- 
Ca  Cx  serum  reacted  with  HSV-2,  but  not 
with  HSV-1 .  Adsorption  of  the  anti-HSV-2 
serum  with  HSV-2  eliminated  the  reaction 
with  Ca  Cx,  suggesting  that  the  common 
antigen  may  be  specific  to  HSV-2.  Antise- 
rum to  Ca  Cx  reacted  with  the  HSV-2  asso- 
ciated hamster  tumors  and  C4-II  cervical 
cancer  cell  line,  but  not  with  the  Para-7 
hamster  tumor.  Absorption  of  anti-Ca  Cx 
serum  with  the  homologous  antigens  re- 
moved both  homologous  and  heterologous 
reactivity.  On  the  other  hand,  adsorption  of 
the  anti-Ca  Cx  serum  with  OT-1  or  OT-1 1 
did  not  abolish  reactivity  with  Ca  Cx.  Anti- 


OT-1  or  OT-11  sera  adsorbed  with  Ca  Cx 
still  retained  their  reactivity  with  the  ham- 
ster tumor  preparations,  suggesting  that 
both  common  and  specific  antigens  are  pres- 
ent in  the  human  and  hamster  tumors.  It  is 
likely  that  these  common  and  specific  anti- 
gens are  different  from  those  found  between 
the  HSV-2-associated  hamster  tumors  and 
the  non-HSV-2  related  Para-7  tumor.  Com- 
mon reactivity  between  other  HSV-related 
hamster  tumors  and  Para-7  have  also  been 
found  by  other  workers  using  other  sero- 
logic tests  (5).  The  antigen  shared  by  the 
HSV-2  and  the  Para-7  associated  hamster 
tumors  may  be  explained  by  the  possible 
existence  of  a  fetal  antigen.  Such  antigen 
may  appear  in  the  neoplasms  as  result  of 
derepression  of  the  gene  in  the  malignant 
cell  with  reappearance  of  the  embryonic  an- 
tigen. Indeed,  the  presence  of  such  antigen 
in  SV4o-induced  tumors  in  hamsters  has 
been  previously  reported  (6,  7).  Attempts 
to  elucidate  the  nature  of  the  common  anti- 
gen will  be  investigated  in  the  near  future. 

Reactivity  of  anti-TAA  of  OT-1 1  with  the 
C4-II  cervical  cancer  cell  line  was  only  dem- 
onstrated by  passive  hemagglutination.  The 
anti-OT-11  serum  failed  to  react  by  immu- 
noprecipitation  with  C4-II.  Unfortunately, 
further  tests  were  not  possible  with  C4-I1  as 
the  cell  line  was  lost. 

The  above  results  indicate  antigenic  rela- 
tionships between  HSV-2,  the  HSV-2  asso- 
ciated hamster  sarcomas  and  cervical  can- 
cer. Antigenic  relationships  between  HSV-2 
and  the  HSV-2  associated  hamster  tumors 
were  suggested  earlier  by  anticomplement 
immunofluorescent  (ACIF)  tests  (8)  which 
also  pointed  to  a  relation  between  HSV-2 
and  cervical  cancer.  Using  different  serolog- 
ical tests,  other  workers  have  also  found 
antigenic  relationships  between  this  virus 
and  human  cancer  (9,  10).  Further  work  is 
in  progress  to  characterize  the  antigens  com- 
mon to  the  virus  and  the  hamster  or  human 
tumors. 

Summary.  Using  the  immunodiffusion- 
adsorption-in-gel  and/or  the  passive  hemag- 
glutination techniques,  an  antigenic  rela- 
tionship has  been  found  between  Herpes 
simplex  virus  type  2  (HSV-2),  cervical  can- 
cer tissue  antigen  preparations,  a  cell  cul- 
ture derived  from  cervical  cancer,  and  two 
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HSV-2  associated  hamster  sarcomas.  No 
cross-reactive  antigens  were  detected  be- 
tween HSV-1,  and  the  HSV-2  related  ham- 
ster sarcomas  or  with  human  cervical  can- 
cer. 
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Administration  of  the  j3-adrenergic  ago- 
nist, isoproterenol,  to  rats  and  other  mam- 
mals induces  copious  drinking  and  antidi- 
uresis  (1-7).  The  objective  of  the  experi- 
ments described  below  was  to  determine 
whether  isoproterenol  also  stimulated  the 
same  responses  in  a  bird,  viz,  the  turkey. 

Methods.  Experiment  1.  Effect  of  isopro- 
terenol on  water  intake  of  turkeys.  Sixteen 
mature  female  turkeys  (broad-breasted 
white)  weighting  7.7  to  8.4  kg  were  used. 
The  birds  were  divided  equally  into  two 
groups.  Group  1  served  as  the  control  group 
and  was  injected  sc  in  the  neck  with  0.5  ml 
of  isotonic  saline.  Group  2  was  injected  sc  in 
the  neck  with  50  fig  of  rf,/- isoproterenol 
sulfate  dihydrateVkg.  The  dose  of  isoproter- 
enol was  calculated  as  the  salt,  dissolved  in 
saline,  and  0.5  ml  was  injected.  A  watering 
device^  from  which  the  turkeys  had  been 
watered  since  3  weeks  of  age  was  used  to 
measure  water  intake  at  hourly  intervals  for 
2  hr.  A  preliminary  study  showed  that  the 
turkeys  would  not  drink  from  a  watering 
device  with  which  they  were  not  familiar 
during  the  2-hr  test  period.  Intake  of  water 
was  determined  by  weighing  the  water  con- 
tainers initially  and  at  hourly  intervals  after 
administration  of  isoproterenol.  Each  tur- 
key was  kept  separately  in  a  pen  7-ft  square. 
The  floor  was  covered  with  peanut  shells 
and  the  watering  device  was  in  a  corner  of 
each  pen.  During  this  study,  it  was  observed 
that  the  birds  treated  with  isoproterenol  ex- 
creted a  watery  urine,  a  condition  never 
observed  in  turkeys  under  normal  circum- 
stances, since  these  animals  excrete  a  semi- 


'  Supported  by  Grants  No.  HL-14526.04  and  No. 
HL- 17909  from  the  National  Heart  and  Lung  Institute. 

'^  ^/./-Ist^proterenol  sulfate  dihydrate,  Aldrich  Chem- 
ical Co.,  Milwaukee,  Wisconsin. 

^  Little  Giant  Fountain  Bowl  #2508,  Miller  Mfg. 
Co.,  South  St.  Paul,  Minnesota. 


solid  urine  with  their  feces.  A  separate  study- 
was  therefore  made  to  determine  whether 
drinking  occurred  prior  to  excretion  of  the 
watery  urine  or  vice  versa.  Six  control  and 
six  treated  turkeys  were  used.  The  experi- 
ment was  carried  out  as  above  except  that  a 
control  and  a  treated  turkey  were  observed 
continuously  by  one  individual  and  nota- 
tions were  made  of  the  times  that  drinking 
and  urination  occurred  in  each  bird  during 
the  2  hr  following  administration  of  50  fig  of 
d,/-isoproterenol/kg  of  body  weight,  sc. 

Experiment  2.  Effect  of  isoproterenol  on 
urine  excretion  in  turkeys.  In  this  study  an 
attempt  was  made  to  determine  the  effect  of 
acute  administration  of  isoproterenol  on  ur- 
ine excretion  in  restrained  turkeys. 

Three  mature  female  broad-breasted 
white  turkeys  weighing  5.0  to  7.1  kg  were 
used.  The  turkeys  were  restrained  in  dorsal 
recumbency  because  it  was  found  that  they 
usually  lay  quietly  throughout  the  2-hr  ex- 
periment when  their  heads  were  covered 
with  a  towel.  Before  beginning  the  experi- 
ment, each  turkey  was  given  an  isotonic 
saline  enema  to  cleanse  the  cloaca  and  lower 
gut  of  urine  and  feces.  Completeness  of  the 
procedure  was  determined  visually  with  the 
aid  of  canine  vaginal  speculum.  Urine  was 
collected  continuously  in  a  Altering  flask 
trap  by  aspiration  from  the  cloaca  with  a 
vacuum  pump.  Urine  volume  was  measured 
every  30  min  throughout  the  experiment. 
After  an  initial  30-min  control  period,  each 
turkey  was  injected  sc  with  200  fig  of  dj- 
isoproterenol  sulfate  dihydrate/kg  body 
weight.  The  dose  was  calculated  as  the  salt. 

Experiment  3.  Other  fi-adrenergic  re- 
sponses to  administration  of  isoproterenol  in 
turkeys.  Five  broad-breasted  white  turkeys, 
two  male  and  three  female  weighing  from 
5.2  to  7.6  kg  were  used.  The  three  female 
turkeys  were  also  used  in  Experiment  2.  In 
the  first  study,  skin  temperature  of  the  left 
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►f  the  birds  was  measured  while  they 
restrained  on  a  table.  A  Yellow 
5  Instruments  Co.  fast-response  ther- 
probe  #423  was  taped  to  the  skin  of 
jh  of  each  bird  and  temperature  read- 
jre  made  at  1-min  intervals  during  a 
1  control  period  and  for  44  min  after 
stration  of  isoproterenol  (200  /xg  of 
)roterenol  sulfate  dihydrate/kg  sc). 
)se  was  calculated  as  the  salt.  Mean 
nperature  of  the  room  during  this 
vas25.8^ 

le  second  study,  heart  rate  was  re- 
by  means  of  needle  electrodes  im- 
i  in  the  breast  muscles  of  eight  re- 
;d  turkeys  and  recorded  on  a 
3io  Systems  polygraph.  At  the  end  of 
lin  control  period,  four  treated  tur- 
hree  female  and  one  male)  were  ad- 
:red  200  /xg  of  d,/- isoproterenol  sul- 
lydrate/kg  sc  in  the  neck  region.  The 
as  calculated  as  the  salt.  Four  control 
turkeys  not  used  in  previous  experi- 
were  administered  the  saline  vehicle 
ame  time.  Measurement  of  heart  rate 
led  for  70-90  min  following  treat- 
weeks  later,  four  turkeys  were  ad- 
red  200  fjLg  of  d,/- isoproterenol  sul- 
lydrate/kg  as  the  salt  and  killed  1  hr 
\n  additional  bird  was  administered 
instead  of  isoproterenol  and  killed  1 
r.  The  kidneys  from  each  bird  were 
1  10%  neutral  formalin  and  embed- 
paraffin.  Tissue  sections  were  cut  at  5 
1  stained  with  hematoxylin  and  eosin. 
stical  analysis  of  the  data  included  an 
s  of  variance,  and  both  one-  (Experi- 
)  and  two-tailed  Student's/  tests  (Ex- 
nts  1  and  3)  (8). 
Its.  Experiment  1 . 

linistration  of  isoproterenol  to  tur- 
creased  their  water  intake  in  a  fash- 


ion similar  to  that  reported  for  mammals 
(Table  I).  Water  intake  of  treated  turkeys 
was  more  than  fivefold  that  of  controls  dur- 
ing the  first  hour  of  treatment  (P  <  0.05). 
During  the  second  hour  after  treatment  with 
isoproterenol,  water  intake  was  significantly 
(P  <  0.01)  greater  than  that  of  saline- 
treated  controls.  The  cumulative  2-hr  water 
intake  of  the  treated  group  was  also  signifi- 
cantly (P  <  0.01)  greater  than  that  of  the 
control  group. 

In  a  study  separate  from  that  described 
above,  four  of  six  turkeys  administered  iso- 
proterenol urinated  prior  to  drinking.  The 
time  between  urination  and  drinking  varied 
from  1  to  63  minutes.  A  third  turkey  drank 
5  min  after  urination  while  the  fourth  drank 
21  min  after  urination.  In  the  case  of  the 
remaining  two  turkeys,  drinking  occurred  8 
and  11  min  prior  to  urination.  Turkeys 
treated  with  saline  were  never  observed  to 
excrete  a  fluid  urine. 

Experiment  2.  Urine  excretion  rate  in- 
creased at  each  30-min  interval  after  admin- 
istration of  isoproterenol  although  the  in- 
creases were  not  significant  (Table  II).  In 
contrast,  the  change  in  rate  of  urine  excre- 
tion from  the  preisoproterenol  control  pe- 
riod increased  significantly  (P  <  0.05)  at  60 

TABLE  II.  Rate  of  Urine  Excretion  in  Three 

Turkeys  after  sc  Administration  of  200  fig  dj- 

Isoproterenol  Sulfate  DiHYDRATE/kg  Body 

Weight 


Postinjec- 

tion  time 

Urine  excretion 

A  Urine  excretion 

(min) 

(ml/30  min) 

(ml/30  min) 

0 

38.3  ±  6.1* 



30 

74.7  ±  23.5 

38.8  ±  22.5 

60 

126.0  ±  40.3 

87.7  ±  38.7** 

90 

154.7  ±  56.0 

116.3  ±  53.4** 

•  One  standard  error  of  mean. 
••  Significantly  different  from  0  time  (P  <  0.05); 
one-tailed  Student's/  test. 


lBLE  I.  Effect  of  Administration  of  </,/- Isoproterenol  Sulfate  Dihydrate  (50  fig/kg  Body 
Weight)  on  Water  Intake  of  Turkeys  during  2  hr  after  Drug  Treatment 


Number  of 
turkeys 

Water  intake  during: 

rimental  group 

Isthr 

2ndhr 

(1  +  2hr) 

rol 

oterenol  tested 

8 
8 

10.5  ±  4.5» 
56.4  ±  15.6*» 

18.9  ±  7.9 
105.5  ±  21.7»»* 

29.4  ±11.5 
161.9  ±  27.6*** 

!  Standard  error  of  mean . 

nificantly  different  from  control  group  (P  <  0.05). 

gnificantly  different  from  control  group  (P  <  0.001). 
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and  90  min  after  administration  of  isopro- 
terenol. It  should  be  pointed  out  that  urine 
excretion  rate  found  here  does  not  reflect 
urine  excretion  rate  in  the  noncatheterized 
bird  whose  cloaca  normally  reabsorbs  the 
water  brought  to  it. 

Experiment  3.  Administration  of  200  /xg 
rf,/-isoproterenol/kg  sc  to  turkeys  increased 
the  temperature  of  the  skin  of  the  left  thigh. 
Maximal  levels  were  achieved  within  40  to 
60  min  after  drug  administration.  In  con- 
trast, administration  of  saline  had  no  effect. 
Representative  results  for  three  individual 
turkeys  are  shown  in  Fig.  1 .  In  addition  to 
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Fig.  1.  Effect  of  sc  administration  of  cither  saline 
(A)  or  ^./-isoproterenol  sulfate  dihydrate  (200  /Ltg/kg 
body  wt)  (B,C)  on  skin  temperature  of  left  thigh  of 
turkeys.  Respiration  rate  measured  38  min  after  treat- 
ment is  also  given  in  the  figure. 


increasing  skin  temperature  of  the  thigh, 
administration  of  isoproterenol  was  also  ac- 
companied by  more  than  a  doubling  of  the 
respiratory  rate  (Fig.  1). 

Heart  rate  increased  from  levels  of  170  to 
270  beats  per  minute  approximately  25  min 
after  administration  of  200  /xg  of  rf,/-isopro 
terenol/kg  sc  (Fig.  2).  Control  turkeys  ad- 
ministered saline  showed  a  reduction  in 
heart  rate  from  levels  of  165  to  approxi- 
mately 155  beats  per  minute,  25  min  after 
injection .  Heart  rate  of  the  treated  turkeys 
had  not  returned  to  control  level  75  min 
after  administration  of  isoproterenol. 

Histological  examination  of  the  kidneys 
revealed  that  glomerular  and  peritubular 
capillaries  were  widely  dilated  in  turkeys 
killed  1  hr  after  administration  of  isoproter- 
enol (Fig.  3C).  These  dilations  were  not 
seen  in  the  turkey  treated  with  saline  (Fig. 
3A). 

Discussion.  This  is  the  first  report  of 
drinking  accompanying  administration  of 
isoproterenol  to  a  bird.  The  drinking  rc- 
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Fig.  2.  Effect  of  sc  administration  of  cither  saline 
or  J./- isoproterenol  sulfate  dihydrate  (200  figJk^M) 
wt)  on  heart  rate  of  turkeys.  Treatment  was  initiated  at 
the  end  of  a  1 5-niin  control  period.  One  standard  ermr 
is  set  off  at  each  mean . 
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Fig.  3.  The  effect  of  a  single  injection  of  saline  (A  and  B)  or  isoproterenol  (C  and  D)  on  the  histological 
appearance  of  the  kidney  of  turkeys.  (A)  The  glomeruli  (arrows)  are  compact  and  tubules  (T)  are  not  dilated.  H  + 
E  stain,  x  250.  (B)  H  +  E  stain,  x  13()0.  (C)  The  glomeruli  are  swollen  and  their  capillaries  (arrows)  dilated. 
Tubules  (T)  and  peritubular  capillaries  (C)  are  also  dilated.  H  +  E  stain,  x  250.  (D)  H  +  E  stain,  x  nOQ, 
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Fig.  3.  Continued 
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;  was  similar  in  character  to  that  ob- 
I  in  mammals  (1-5).  However,  the  re- 
j  of  the  turkey  appeared  to  differ  from 
f  mammals  in  that  administration  of 
terenol  was  accompanied  by  a  fluid 
excretion.  This  is  a  rare  occurrence  in 
ind  contrasts  sharply  with  the  promi- 
ntidiuresis  accompanying  administra- 
F  isoproterenol  to  mammals  (3,  6,  7). 
isibility  exists  that  drinking  may  be 
ated  indirectly  by  the  increased  urine 
ion  since  four  of  six  turkeys  studied 
ed  a  fluid  urine  prior  to  drinking, 
/er,  two  other  turkeys  drank  prior  to 
ion. 

mnot  be  stated  with  certainty  whether 
:reased  urine  excretion  accompanying 
istration  of  isoproterenol  was  related 
to  changes  in  renal  hemodynamics  or 
eduction  in  antidiuretic  hormone  se- 
I.  An  increase  in  glomerular  filtration 
id  filtration  fraction  could  account  for 
uresis  as  could  changes  in  tubular 
)rption  of  electrolytes  and  water, 
r  et  al,  (6)  and  Berl  et  al.  (7)  have 
that  the  antidiuretic  effect  of  isopro- 
1  in  the  dog  is  not  related  to  effects  on 
iney  but  to  an  increase  in  the  rate  of 
on  of  antidiuretic  hormone.  The  pos- 
that  isoproterenol  may  have  opposite 
in  turkeys  requires  additional  study, 
s  the  dilation  of  glomerular  capillaries 
d  by  this  drug  (Fig.  3C). 
aew  of  the  increased  urine  excretion 
panying  administration  of  isoprotere- 
turkeys,  it  seemed  important  to  study 
:ect  of  isoproterenol  on  some  other  /3- 
jrgic  responses  to  determine  whether 
iffered  from  those  customarily  seen  in 
lals.  The  studies  revealed  that  in- 
s  in  skin  temperature  (Fig.  1)  and 
"ate  (Fig.  2)  in  response  to  isoprotere- 
re  similar  to  those  reported  for  mam- 
9-11). 

mary.  Acute  administration  of  rf,/- 
terenol  (50  ptg/kg  body  wt,  sc)  to  tur- 
/as  accompanied  by  a  significant  in- 


crease in  water  intake  which  occurred  within 
1  h  after  treatment.  This  dose  of  d,/- isopro- 
terenol also  induced  a  copious,  watery  urine 
excretion.  Acute  administration  of  d,/- iso- 
proterenol (200  /Ltg/kg  body  wt,  sc)  in- 
creased the  temperature  of  the  skin  of  the 
left  thigh  within  10  min  after  treatment. 
Skin  temperature  reached  maximal  levels 
within  40  to  60  min  after  treatment.  Heart 
rate  of  turkeys  administered  d,/- isoprotere- 
nol (200  /Ltg/kg  body  wt,  sc)  increased  ap- 
proximately 100  beats  per  minute  within  25 
min  after  treatment.  With  the  exception  of 
the  diuresis,  the  turkey  responds  to  adminis- 
tration of  isoproterenol  in  the  same  fashion 
as  the  mammal. 

We  thank  Miss  Charlotte  Wright  for  drawing  the 
figures,  and  Mr.  T.  W.  Carlisle  for  technical  assistance. 
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Previous  work  has  shown  that  by  the 
tenth  day  of  gestation,  embryonic  tissues 
involved  in  the  ontogenesis  of  the  mouse 
immune  system  (1,2)  contain  small  num- 
bers of  antigen-binding  cells  (ABC),  specific 
for  several  antigenic  determinants  (3).  Cells 
from  these  tissues,  like  those  from  adult 
lymphoid  tissues,  respond  to  antigen  in  vitro 
with  proliferation  (4),  an  increase  in  the 
number  of  cells  bearing  IgM,  IgG,  and  IgA 
on  their  membranes  (4,  5),  and  with  the 
production  of  small  quantities  of  specific 
antibody  (4,  6). 

Presented  here  are  observations  showing 
that  when  mouse  fetal  liver  cells  were  cul- 
tured with  antigen,  specific  ABC  were 
formed  and  the  number  produced  was  in- 
creased if  lipopolysaccharide  (LPS)  or  ag- 
gregated human  IgG  had  been  added  to  the 
cultures;  despite  this  increase  in  ABC  there 
was  no  detectable  increase  in  the  number  of 
antibody-secreting  cells  (plaque-forming 
cells,  PFC).  By  contrast,  LPS  and  aggre- 
gated IgG  had  no  significant  effect  on  the 
numbers  of  ABC  in  antigen-stimulated  cul- 
tures of  adult  spleen  cells,  but  they  did  have 
profound  effects  on  the  numbers  of  PFC 
generated  in  these  cultures.  These  findings 
suggest  that  the  appearance  of  specific  anti- 
body on  the  membranes  of  B  cells  or  their 
precursors  and  the  ability  to  secrete  signifi- 
cant quantities  of  this  antibody  represent 
separate  steps  in  the  maturation  of  B  cells. 

Materials  and  methods.  Tissue  donors.  Fe- 
tal liver  and  adult  spleen  and  thymus  cells 
were  obtained  from  CBA/J  mice  (Jackson 
Laboratories,  Bar  Harbor,  Maine).  Embry- 
onic age  was  determined  by  considering  the 
day  the  vaginal  plug  was  observed  as  day 
zero. 

Culture  conditions.  Cells  from  adult  mice 


'  This  work  was  supported  by  USPHS  Research 
Grants  No.  HD  07708,  No.  DE  02668  and  NO.  RR 
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were  dissociated,  washed,  and  added  to  the 
cultures  described  below  at  a  concentration 
of  5  X  10«/ml  (4).  Fetal  liver  cells  from  a 
single  pregnancy  were  pooled;  the  ceils  were 
dissociated  and  added  to  cultures  at  concen- 
trations of  1-to-lO  X  10®/ml.  The  medium 
was  Eagle's  S-MEM,  with  10%  fetal  calf 
serum,  L-glutamine,  and  penicillin-strepto- 
mycin (100  units  and  100  /Lig/ml,  respec- 
tively). 

Primary  responses  to  sheep  red  cells 
(SRBC)  were  elicited  as  described  previ- 
ously (4).  Briefly,  an  underlay  of  washed 
SRBC  (2%)  in  1 .5  ml  of  agar  (0.25%)  was 
placed  in  35  x  10-mm  tissue  culture  dishes 
(Falcon  Plastics,  Oxnard,  Calif.)  and  4  ml  of 
cell  suspension  was  added  after  the  agar  had 
hardened.  Where  indicated,  heat- aggre- 
gated human  IgG  (63°  for  20  min,  200  fig/ 
ml;  Miles  Laboratories,  Kankakee,  111.)  or 
LPS  Escherichia  coli  B5  (5  /Lig/ml;  Diifco, 
Detroit  Mich.)  was  added,  and  the  cells 
were  cultured  for  3  days  at  37**  in  5%  COj  in 
air.  At  this  point  the  ceils  were  removed 
from  the  plates,  washed  three  times  in  a  Ca- 
and  Mg-free,  buffered  salt  solution  (PBS), 
and  resuspended  at  a  concentration  of  25  x 
10«/ml.  The  SRBC-agar  underlay  were 
processed  for  areas  of  complement-depend- 
ent hemolysis  (hemolytic  foci;  (4)).  All  cul- 
tures were  done  in  triplicate.  The  aggre- 
gated human  IgG  did  not  produce  agglutina- 
tion of  SRBC  when  tested  over  a  wide  range 
of  concentrations. 

SRBC-rosettes  (ABC),  The  detection  of 
cells  specifically  binding  SRBC  (ABC)  was 
performed  by  standard  methods  (7,8;  cells 
having  Fc  and  complement  receptors  were 
also  determined  but  the  results  are  not  re- 
ported here).  Briefly,  0.2  ml  of  cell  suspen- 
sion was  added  to  0.5  ml  of  PBS,  and  0.1  ml 
of  washed  SRBC  (1%).  The  cells  were 
gently  centrifuged,  carefully  resuspended, 
and  examined  in  a  hemocytometer  under 
400 X  magnification.  A  minimum  of  2000 
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d  cells  were  scanned.  The  specific- 
BC  formation  was  demonstrated  by 
I  cells  with  and  without  SRBC  and 
fixh  SRBC  and  horse  RBC,  and  vice 
nlike  human  T  cells,  mouse  cells  do 
I  nonspecific  rosettes  with  SRBC. 
se  the  addition  of  LPS  or  aggre- 
;G  to  cultures  often  produced  an 
or  decrease  in  proliferation,  in  each 
ent  the  frequencies  of  ABC  in  cul- 
itaining  these  agents  were  corrected 
/s:  observed  frequency  x  total  cells 
d:  total  cells  recovered  from  cul- 
itaining  only  SRBC.  The  correction 
[mean  and  range)  were  (a)  adult 
LPS,  1.3  (0.75-2.0);  IgG,  0.9 
1),  (b)  fetal  liver:  LPS,  0.96  (0.7- 
3,  1.3  (0.9-2.2).  The  results  from 
riments  were  pooled  and  analyzed 
s  of  Student's/  test. 
In  six  experiments  the  cells  re- 
from  the  cultures  were  assayed  for 
FC  by  a  slide  modification  of  the 
:hnique  (4). 

nofluorescent  studies.  Cells  ob- 
rom  cultures  and  SRBC-rosettes 
amined  for  membrane-bound  IgM 
idirect  immunofluorescent  method 
preparations.  The  anti-IgM  serum 
specifically  with  the  heavy  chain  of 
gM,  and  neither  antisera  cross-re- 
th  fetal  calf  serum  or  human  IgG 
Laboratories,  Springfield,  Va.). 
lymocytes  did  not  bind  either  anti- 

p.  When  tested  before  culture  very 
»  from  adult  spleen-bound  SRBC 
.4%,  data  not  shown).  After  3  days 
re  with  SRBC,  the  frequency  of 


ABC  either  did  not  change  or,  at  most, 
increased  threefold  (Table  I).  The  addition 
of  LPS  or  aggregated  IgG  to  the  cultures  did 
not  consistently  or  significantly  alter  the  fre- 
quency of  SRBC- ABC;  on  the  other  hand, 
the  numbers  of  hemolytic  foci  and  PFC  pro- 
duced in  these  cultures  were  increased  by 
LPS  and  decreased  by  IgG  to  significant 
degrees  (Table  II).  Membrane-bound  IgM 
was  easily  detected  by  immunofluorescent 
studies  on  SRBC-ABC  taken  from  cultures 
of  adult  spleen,  and  the  intensity  of  staining 
was  only  modestly,  if  at  all,  increased  on 
cells  taken  from  cultures  containing  LPS  or 
IgG. 

By  contrast,  no  SRBC-ABC  were  de- 
tected with  certainty  among  fetal  liver  cells 
before  culture  (i.e.,  <1 :  10,000);  but  after  3 
days  in  vitro  the  numbers  of  specific  SRBC- 
ABC  significantly  exceeded  those  recovered 
from  cultures  of  adult  spleen  (Table  I).  The 
addition  of  LPS  or  aggregated  IgG  to  these 
cultures  resulted  in  further  increases  in  the 
formation  of  ABC.  More  cells  were  re- 
covered from  cultures  containing  IgG  than 
from  the  controls  (up  to  220%),  but  LPS 
had  no  significant  effect  on  the  number  of 
cells  recovered.  Liver  cells  cultured  with 
SRBC  formed  rosettes  with  SRBC  but  not 
with  horse  RBC,  and  vice  versa. 

As  was  the  case  with  adult  spleen  cells, 
IgM  was  readily  detected  on  the  membranes 
of  SRBC-ABC  taken  from  cultures  of  fetal 
liver,  but,  in  contrast,  the  presence  of  LPS 
or  IgG  in  the  medium  resulted  in  a  dramatic 
increase  in  the  intensity  of  staining.  How- 
ever, neither  LPS  nor  IgG  significantly  al- 
tered the  number  of  PFC  recovered  from 
cultures  of  fetal  tissues  (Table  II).  As  previ- 


E  I.  Frequency  of  Specihc  Antigen-Binding  Cells  among  Fetal  Liver,  Adult  Spleen  and 
HYMUS  Cultured  for  3  Days  with  SRBC  in  the  Presence  or  Absence  of  Aggregated  Human 
IgG  (200  /Ltg/ml)  OR  LPS  (5  /Ltg/ml) 


:o 

Percentage  of  cells 

binding  SRBC  (± 

SO)- 

Age  of 

gestation 

Adult  spleen 

Adult    thy- 
mus 

9-10 

11-12 

13-14 

15-16 

17-18 

19-20 

G 

0.2  ±  0.1 

0.3  ±  0.1 
0.5  ±  0.1 

1.1  ±  0.3 
2.1  ±  0.8» 
1.6  ±  0.2 

1.7  ±  0.5 
3.4  ±  0.^ 
2.7  ±  0.4» 

1.9  ±  0.6 
3.6  ±  1.1» 
2.2  ±  0.5 

0.9  ±  0.4 
1.7  ±  0.9 
1.5  ±  0.3 

0.7  ±  O.fr 
0.8  ±  0.? 
0.5  ±  0.^ 

<0.001 
<0.001 
<0.001 

la  have  been  compiled  from  19  separate  experiments,  and  in  each  experiment  the  frequencies  of  ABC  in  cultures  containing  aggregated 
vc  been  corrected  as  follows:  observed  frequency  x  total  cells  recovered:  total  cells  recovered  from  cultures  containing  only  SRBC. 
(Student's  /  test),  when  compared  to  the  number  of  ABC  among  cells  cultured  with  SRBC  only. 
.  when  compared  to  values  obtained  with  fetal  liver  cells  from  13-  to  20-day  embryos  cultured  under  the  same  conditions. 
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TABLE  II.  Development  of  Hemolytic  Foa  and  PFC  by  Adult  Spleen  and  Fetal  Liver  Cells 
Cultured  with  SRBC  in  the  Presence  or  Absence  of  Aggregated  Human  IgG  (200  pig/ml)  or  LPS  (5 


Number  per 

10»ceUs(:t 

:SD) 

Source  of  cells 

SRBC  in  culture 

Agent  added 

Hemolytic  foci 

PFC 

Adult  spleen 

No 

0 

( 

D 

Yes 

12.2  ± 

1.2 

117 

±  10.4 

Yes 

Agg.IgG 

3.8  ± 

0.9 

19 

±  3.5 

Yes 

LPS 

16.7  ± 

2.3 

245 

±  30.6 

Fetal  liver  (14 

No 

0 

0 

to  18  dayy 

Yes 

0^ 

16.2 

±  5.2 

Yes 

Agg.IgG 

0^ 

12.1 

±  6.1 

Yes 

LPS 

0 

19.7 

±  3.4 

"  These  data  have  been  compiled  from  six  experiments. 
*  Age  of  gestation. 

'^  The  agar  in  these  plates  contained  from  4  to  10  defects  approximately  1  mm  in  diameter  that  could  represent 
complement-dependent  hemolysis  and/or  enzymatic  damage  from  overlying  cells. 


ously  reported  (4)  the  hemolytic  plaques 
formed  by  fetal  cells  were  small  and  few,  but 
they  were  demonstrated  to  be  specific  for 
SRBC  (i.e.,  no  response  against  horse 
RBC).  In  addition,  the  plaques  were  com- 
plement dependent,  and  they  could  be  com- 
pletely inhibited  by  adding  anti-IgM  serum 
(1:40)  or  sodium  azide  (0.1%)  to  the  slides. 
No  hemolytic  foci  were  identified  with  cer- 
tainty on  the  agar  underlay. 

Discussion.  Under  the  experimental  con- 
ditions described  here,  when  cells  from 
adult  mouse  spleen  were  cultured  with 
SRBC  the  frequency  of  specific  ABC  in- 
creased little ,  if  at  all;  the  addition  of  LPS  or 
aggregated  IgG  to  these  cultures  did  not 
alter  this.  On  the  other  hand,  LPS  increased 
and  IgG  decreased  significantly  the  numbers 
of  antibody-secreting  cells  recovered  from 
these  cultures.  By  contrast,  under  the  same 
conditions,  fetal  lymphoid  precursors  pro- 
duced relatively  large  numbers  of  ABC  and 
this  was  further  increased  by  the  addition  of 
LPS  or  IgG.  Nevertheless,  despite  evidence 
from  immunofluorescent  studies  of  in- 
creased IgM  on  the  membranes  of  ABC 
taken  from  cultures  containing  LPS  or  IgG 
(9,  10),  these  agents  did  not  alter  the  num- 
ber of  antibody-secreting  cells  demonstrable 
in  cultures  of  fetal  tissue.  Taken  together, 
these  findings  suggest  that  the  appearance 
of  specific  antibody  on  the  membranes  of  B 
cells  or  their  precursors  and  the  ability  to 
secrete  significant  quantities  of  this  antibody 
represent  separate  steps  in  the  maturation 
of  B  cells  (1). 


The  increase  in  ABC  induced  by  aggre- 
gated IgG  and  LPS  in  cultures  of  antigen- 
stimulated  fetal  liver  cells  was  unexpected, 
and  the  mechanisms  of  action  remain  un- 
clear. In  these  and  in  previous  experiments 
(12)  the  addition  of  aggregated  IgG  to  cul- 
tures of  adult  spleen  cells  resulted  in  no 
significant  change  in  the  frequency  of  ABC. 
but  in  up  to  95%  inhibition  of  PFC  and  of 
the  binding  of  antigen-antibody  complexes. 
While  this  suggests  that  the  Fc  receptor  on  B 
cells  may  be  involved  in  the  inhibition  of 
PFC  by  IgG  (13),  it  is  not  clear  that  the 
same  mechanism  is  involved  in  modulating 
the  frequency  of  ABC.  The  mode  of  action 
of  LPS  on  fetal  cells  is  even  more  obscure;  it 
does  not  appear  to  be  mitogenic  for  B  cell 
precursors  (14),  and  this  suggests  the  possi- 
bility that  its  effect  on  ABC  may  be  indirect. 

Summary.  When  adult  spleen  cells  were 
cultured  with  SRBC,  the  frequency  of  spe- 
cific antigen-binding  cells  (ABC)  either  did 
not  change  or,  at  most,  increased  threefold. 
The  addition  of  LPS  or  aggregated  IgG  to 
the  cultures  did  not  alter  this,  although  the 
numbers  of  antibody-secreting  cells  re- 
covered from  the  cultures  were  markedly 
increased  by  LPS  and  decreased  by  IgG.  In 
contrast,  when  fetal  liver  cells  were  cultured 
with  SRBC  and  LPS  or  aggregated  IgG,  the 
numbers  of  SRBC-ABC  formed  exceeded 
that  found  in  cultures  of  adult  cells,  but 
there  was  no  change  in  the  small  number  of 
PFC  produced. 
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Mechanisms  of  Glucocorticoid-lnduced  Osteopenia:  Role  of 
Parathyroid  Glands'  (39396) 

SUBHASH  C.  KUKREJA,2  E.  NELSON  BOWSER,  GARY  K.  HARGIS, 
WALTER  J.  HENDERSON,  and  GERALD  A.  WILLIAMS 

Departments  of  Medicine  and  Nuclear  Medicine,  VA  West  Side  Hospital,  and  University  of  Illinois  College  of 

Medicine,  Chicago,  Illinois  60612 


Excessive  glucocorticoids  can  cause  os- 
teopenia in  animals  (1)  and  man  (2).  How- 
ever, the  mechanisms  by  which  they  pro- 
duce this  effect  are  not  entirely  clear.  In 
vitro  studies  have  shown  that  glucocorti- 
coids inhibit  vitamin  A  or  parathyroid  hor- 
mone (PTH)-induced  bone  resorption  (3). 
In  vivo  studies  have  shown  that  glucocorti- 
coids inhibit  bone  formation  (4,  5).  How- 
ever, the  bone  resorption  studies  in  vivo 
have  given  conflicting  results  (5,6).  In  stud- 
ies which  showed  increased  bone  resorption 
due  to  glucocorticoids,  excessive  PTH  has 
been  postulated  as  one  of  the  mechanisms  of 
this  increase.  Excessive  PTH  secretion  has 
been  shown  to  occur  in  rats  (7)  and  in  man 
(8)  after  acute  or  chronic  Cortisol  adminis- 
tration. 

Recent  studies  have  indicated  that  the 
glucocorticoids'  effect  on  bone  resorption 
may  be  dose-dependent,  low  doses  causing 
increased  resorption  and  high  doses  causing 
decreased  or  normal  resorption  (9,  10).  The 
increased  bone  resorption  was  again  postu- 
lated to  be  the  result  of  excessive  PTH  se- 
cretion. 

The  present  studies  were  conducted  to 
evaluate  the  role  of  parathyroid  glands  in 
the  production  of  glucocorticoid-induced  os- 
teopenia. 

Materials  and  Methods.  Sprague-Dawley 
rats  initially  weighing  260-290  g  were  main- 
tained on  a  diet  containing  1.7%  calcium 
and  1.5%  phosphorus.  All  rats  were  in- 
jected with  45  fiCi  of  ^"^Ca  ip  in  three  di- 
vided doses  at  3-day  intervals.  Ten  days 


'  Note:  This  work  was  presented  in  part  at  the  An- 
nual Meeting  of  the  Midwestern  Section  of  the  Ameri- 
can Federation  for  Clinical  Research  on  October  31, 
1974,  Chicago,  Illinois. 

*  Address  reprint  requests  to:  Subhash  C.  Kukreja, 
M.  D.,  VA  West  Side  Hospital  (M.  P.  172),  P.  O.  Box 
SJ95,  Chicago,  Uhnois  60680. 


after  the  last  dose  of  '*^Ca,  half  the  rats  were 
parathyroidectomized  (PTX)  and  the  other 
half  were  left  intact.  Parathyroidectomy  was 
confirmed  by  serum  calcium  levels  of  less 
than  7.0  mg/100  ml  and  undetectable  serum 
PTH  levels. 

The  animals  were  divided  into  four 
groups  1  week  after  the  parathyroidectomy, 
at  which  time  injections  were  begun  and 
continued  daily  for  17  weeks.  Group  I:  In- 
tact rats  were  given  normal  saline  sc  daily  to 
serve  as  control  (  n  =  6).  Group  II:  Intact 
rats  were  given  Cortisol  (Cortef,  Upjohn 
Company,  Kalamazoo,  Mich.),  5  mg/kg/day 
sc  (n  =  6).  Group  III:  PTX  rats  were  given 
normal  saline  sc  daily  (n  =  5).  Group  IV: 
PTX  rats  were  given  Cortisol,  5  mg/kg/day 
sc  {n  =  4). 

The  rats  were  kept  in  individual  metabolic 
cages.  The  animals  were  bled  by  orbital 
sinus  puncture  at  2  weeks,  12  weeks,  and  at 
the  end  of  the  study  at  17  weeks.  The  serum 
was  separated  and  analyzed  immediately  for 
^''Csi  activity  and  frozen  for  subsequent  de- 
terminations of  calcium,  phosphorus,  and 
PTH. 

Two  weeks  after  beginning  the  injections, 
the  feces  were  collected  for  two  successive 
72-h  periods  and  then  ashed.  The  ash  was 
dissolved  in  hydrochloric  acid  for  analysis  of 
'*'^Ca  activity. 

At  the  end  of  17  weeks  the  rats  were 
killed  by  ether  anesthesia  and  the  right  fe- 
mur was  removed.  The  bone  was  quickly 
freed  of  soft  tissue  and  weighed.  The  length 
was  determined  by  verneir  calipers.  The 
bones  were  then  bisected  with  a  fine  saw 
and  freed  of  the  marrow  tissue  with  a  jet  of 
water.  The  bones  were  dried  in  crucibles 
overnight  in  an  oven  at  100**,  and  the  dry 
weight  obtained.  The  lx)nes  were  then  ashed 
in  a  muffle  furnace  at  800**  overnight  and 
the  ash  weight  was  obtained.  The  bone  ash 
was  dissolved  in  hydrochloric  acid  for  deter- 


35& 


yright  C  1976  by  the  Society  for  Experimental  Biology  and  Medicme 
*ights  reserved. 


GLUCOCORTICOID-INDUCED   OSTEOPENIA 


359 


3n  of  calcium  content  and  '**Ca  activ- 

calcium  and  phosphorus  determina- 
were  made  by  the  autoanalyzer 
1  of  Kessler  and  Wolfman  (11).  The 
:tivity  determinations  were  made  by 
ing  the  samples  in  Bray's  scintillation 
n  (12)  and  counting  them  in  a  Pack- 
uid  scintillation  counter.  Sufficient 
were  accumulated  to  reduce  the 
ig  error  to  2%  or  less  in  all  samples. 
PTH  determinations  were  made  by 
lioimmunoassay  method  of  Hargis  et 
).  The  data  were  analyzed  by  Stu- 
/  test.  The  statement  of  significant 
ice  denotes  a  P  value  of  less  than 

Its.  There  were  no  group  differences 
litial  body  weights  of  the  rats.  Saline- 

1  PTX  and  intact  rats  progressively 
weight  and  had  similar  final  weights 
).  The  cortisol-treated  intact  and 
Its  lost  minimal  weight  initially  and 
mained  stable  between  90  to  95%  of 
ial  body  weight  (Fig.  1). 

•e  2  shows  the  serum  PTH  values  of 
ict  rats.  The  cortisol-injected  group 
nificantly  greater  serum  PTH  levels 
iree  time  periods  studied, 
n  calcium  and  phosphorus  determi- 
made  at  the  time  of  bleeding  at  17 
ire  shown  in  Table  I.  There  was  no 
int  difference  between  the  serum 
of  the  saline-treated  and  cortisol- 
intact  animals.  Cortisol  tended  to 

2  the  serum  calcium  in  the  PTX  rats 
h  the  decrease  did  not  reach  statisti- 
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Fig.  2.  Effect  of  Cortisol  injections  or  of  normal 
saline  injections  on  the  serum  PTH  concentration  in 
intact  rats  at  2,  12,  and  17  weeks  after  the  beginning  of 
the  injections.  Each  bar  represents  the  mean  ±  SE  for 
the  group. 

cal  significance.  As  expected,  the  serum 
phosphorus  was  significantly  greater  in  the 
PTX  animals  than  in  the  intact  animals. 

The  results  of  serum  '*^Ca  expressed  as 
total  counts  per  minute  per  milliliter  of  se- 
rum are  shown  in  Fig.  3.  Cortisol  treatment 
significantly  reduced  the  serum  '•'^Ca  activity 
in  both  the  intact  and  the  PTX  rats  except  at 
17  weeks  in  the  intact  group. 

The  fecal  ^*Ca  activity  expressed  as  counts 
per  minute  per  24  hours  is  shown  in  Fig.  4. 
The  PTX  saline-injected  rats  had  signifi- 
cantly less  fecal  '•^Ca  as  compared  to  intact 
saline-injected  rats.  Cortisol  treatment  sig- 
nificantly decreased  the  radioactivity  in  the 
feces  of  both  intact  and  PTX  rats. 

The  data  pertaining  to  bone  are  portrayed 
in  Table  II.  The  PTX  saline-injected  rats 
had  higher  ash  weight  and  percentage  ash 
content  (ash  weight  x  100)/(dry  weight)  as 
compared  to  intact  saline-treated  rats.  Cor- 
tisol treatment  reduced  the  percentage  ash 
content  in  both  intact  and  PTX  rats  (Table 
II).  The  ash  weight  of  bone  when  expressed 
as  per  centimeter  length  of  bone  (ash 
weight)/(length  in  cm)  was  significantly 
greater  in  PTX  saline-injected  rats  as  com- 
pared to  intact  saline-injected  rats  and  was 
reduced  significantly  by  Cortisol  treatment 
in  both  intact  and  PTX  rats. 

The  total  '•^Ca  activity  in  the  bone  was 
significantly  greater  in  PTX  saline-injected 
rats  as  compared  to  intact  saline-injected 
rats.  An  effect  of  Cortisol  treatment  on  total 
bone  ^*Ca  could  not  be  detected  in  either 
the  intact  or  PTX  groups  despite  the  de- 
crease in  the  serum  and  fecal  '•^Ca  (presum- 
ably because  the  great  2LUvo\ivvVQ>l\^<5^<Ck^occ4- 


360 


GLUCOCORTICOID-INDUCED   OSTEOPENIA 


TABLE  I.  Effect  of  Cortisol  Injections  or  of  Normal  Saline  Injections  on  Serum  Caloum  and 
Phosphorus  at  17  Weeks  after  Beginning  of  Injections  in  Intact  and  PTX  Rats." 


Group 


Serum  calcium  (mg/100  ml) 


Serum  phosphorus  (mg/lOU 
ml) 


I.  Intact  saline  injected 

II.  Intact  Cortisol  injected 

III.  PTX  saline  injected 

IV.  PTX  Cortisol  injected 


9.66  ±  0.05 

9.67  ±  0.14 
7.10  ±  0.20 
6.67  ±  0.20 


4.9  ±  0.31 
4.71  ±  0.31 
8.76  ±  0.52 
9.96  ±  0.84 


All  values  are  expressed  as  the  mean  ±  SE. 
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Fig.  3.  Effect  of  Cortisol  injections  or  of  normal 
saline  injections  on  serum  ^Ca  in  intact  and  PTX  rats  at 
2,12,  and  17  weeks  after  the  beginning  of  the  injec- 
tions. Each  bar  represents  the  mean  ±  SE  for  the 
group. 
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Fig.  4.  Effect  of  Cortisol  injections  or  of  normal 
saline  injections  on  the  fecal  ^"'Ca  in  intact  and  PTX  rats 
at  2  weeks  after  the  beginning  of  the  injections.  Each 
bar  represents  the  mean  ±  SE. 

ity  in  bone  precluded  detecting  smaller 
changes  secondary  to  decrease  in  fecal 
'•^Ca).  Bone  specific  activity  ('•^Ca  cpm/mg 
of  Ca)  was  significantly  increased  by  Cortisol 
treatment  in  PTX  rats.  The  intact  rats 
showed  a  similar  trend,  although  the  results 
were  not  statistically  significant. 

Discussion.  The  observation  of  increased 
serum  PTH  induced  by  Cortisol  in  the  pres- 
ent study  is  in  agreement  with  the  previous 
studies  in  rats  (7)  and  in  man  (8).  Glucocor- 
ticoids decrease  the  intestinal  absorption 
(14)  and  increase  the  renal  excretion  of  cal- 
cium (15),  and  therefore  can  secondarily 
increase  PTH  secretion.  The  other  mecha- 


nism by  which  serum  PTH  could  be  in- 
creased by  Cortisol  is  by  inhibition  of  bone 
resorption  with  a  tendency  toward  hypocal- 
cemia causing  compensatory  increase  in 
PTH.  In  vitro  studies  have  shown  that  Corti- 
sol inhibits  vitamin  A  or  PTH-induced  bone 
resorption  (3).  In  this  study  a  decrease  in 
serum  and  fecal  '•^Ca  and  an  increase  in 
bone  ^^Cdi  specific  activity  were  interpreted 
as  evidence  of  decreased  bone  resorption  in 
vivo.  By  these  criteria,  bone  resorption  was 
inhibited  by  Cortisol  treatment  in  the  PTX 
rats.  In  the  intact  animals  injected  with  Cor- 
tisol, decreased  bone  resorption  was  sug- 
gested by  decreased  serum  and  fecal  ^Kz 
activity  at  2  weeks  and  decreased  serum 
'••'*Ca  activity  at  12  weeks.  However,  the  se- 
rum '••'^Ca  activity  was  not  decreased  by  Corti- 
sol at  17  weeks,  and  the  bone  '•^Ca  specific 
activity  was  not  significantly  increased  in 
these  intact  animals.  These  observations 
suggest  that  the  effect  of  Cortisol  to  decrease 
bone  resorption  had  been  overcome  by  the 
compensatory  increase  in  PTH  secretion. 

In  the  present  study  the  bone  mass  was 
determined  by  dry  and  ash  weights  of  the 
bone.  It  was  significantly  increased  in  the 
PTX  saline-injected  rats  as  compared  to  in- 
tact saline-injected  rats.  This  was  probably 
on  the  basis  of  decreased  bone  resorption  in 
the  former  group,  in  the  absence  of  PTH. 
Cortisol-treated  animals  were  significantly 
smaller  in  size  as  compared  to  their  respec- 
tive saline-injected  controls,  and  therefore 
the  ash  and  dry  weights  of  the  bones  cannot 
be  directly  compared.  To  obviate  this,  the 
dry  and  ash  weights  were  compared  on  the 
basis  of  per  centimeter  length  of  the  bone. 
Dry  and  ash  weights  expressed  in  this  man- 
ner were  significantly  reduced  by  Cortisol 
treatment  in  both  the  intact  and  the  PTX 
rats  as  compared  to  their  respective  con- 
trols. Percentage  content  has  been  shown  to 
decrease  in  osteoporosis  (16).  In  the  present 
study  Cortisol  treatment  significantly  rc- 
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II.  Effect  of  Cortisol  Injections  or  of  Normal  Saune  Injections  on  Various  Parameters 
OF  THE  Right  Femur  in  Intact  and  PTX  Rats." 


Ash  (%) 

Specific  ac- 

((Ash weight/ 

Dry  wt  in 

Ashwt  in 

Total 

tivity  (Total 

Dry  weight 

Ash  weight 

Dry  weight) 

mg/ Length 

mg/ Length 

calcium 

Total  •Ca    *Ca  cpm/Cal- 

oup 

(mg) 

(mg) 

X  1001 

in  cm 

in  cm 

(mg) 

(cpm  X  10")    cium  in  mg) 

aJine  injected 

658.8 

436.7 

66.29 

169.8 

113.2 

162.2 

1017.5 

6280 

±  10.7 

±6.1 

±0.32 

±  2.1 

±  1.2 

±  2.3 

±  12.4 

±  127 

ortisol  injected 

579.8 

371.3 

64.02 

159.7 

102.3 

137.8 

940.4 

6820 

±  10.5* 

±  8.9* 

±  0.53* 

±  2.0* 

±  1.9* 

±  3.8' 

±  61.4 

±  411 

line  injected 

712.7 

495.7 

69.54 

183.5 

127.6 

181.6 

1105.9 

6131 

±  14.3«* 

±  10.6»» 

±  0.20** 

±  3.0»« 

±  2.3*« 

±  6.8*« 

±  29.7»» 

±326 

•nisol  injected 

597.8 

391.3 

65.43 

167.5 

109.7 

145.5 

1091.1 

7480 

±'8.3**« 

±  8.8«»» 

±  0.56*«* 

±  2.3*«* 

±  2.4*«» 

±  2.6»»» 

±  64.7 

±  321*** 

tes  are  expressed  as  the  mean  ±  SE. 

s  that  Group  II  values  are  significantly  different  (P  <  0.05)  from  Group  I. 
es  that  Group  III  values  are  significantly  different  (P  <  0.05)  from  Group  I. 
ites  that  Group  IV  values  are  significantly  different  {P  <  0.05)  from  Group  III. 


:he  percentage  ash  content  in  both 
nd  PTX  rats. 

dicated  above,  Cortisol  injections  re- 
he  bone  resorption  in  PTX  rats  and 
a  tendency  toward  decreased  resorp- 
the  intact  rats.  In  spite  of  this,  the 
lass  was  reduced  by  Cortisol  injec- 
I  both  these  groups.  These  studies 
herefore  indicate  that  in  rats  (i)  cor- 
mg/kg/day,  induces  osteopenia  by  in- 
of  bone  formation ,  and  (ii)  the  pres- 
parathyroid  glands  is  not  essential 
duction  of  cortisol-induced  osteo- 

)bservations  in  the  present  study  are 
ibie  with  the  hypothesis  by  Jee  (9) 
imussen  (10)  that  high  doses  of  corti- 

5  mg/kg/day,  or  greater,  induce  os- 
a  predominantly  by  inhibition  of 
rmation. 

nary.  Intact  and  PTX  rats  previously 
1  with  '*^Ca  received  Cortisol,  5  mg/ 

for  17  weeks.  Bone  resorption  as 
ned  by  serum  and  fecal  ^^Ca  and 
Ca  specific  activity  were  reduced  by 

in  the  PTX  rats  and  showed  a  simi- 
lency  in  intact  rats.  In  spite  of  this, 
le  mass,  as  determined  by  ash  con- 
as  reduced  by  Cortisol  in  both  the 
nd  PTX  animals.  The  data  show  that 
isol,  5  mg/kg/day,  produces  osteo- 
y  inhibition  of  bone  formation,  and 
presence  of  parathyroid  glands  is  not 
1  for  the  production  of  this  osteo- 
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Age-Related  Alteration  in  Human  Heart  Collagen^  (39397) 

R.  J.  ZWOLINSKI,  C.  R.  HAMLIN,  and  R.  R.  KOHN 

Institute  of  Pathology,  Case  Western  Reserve  University,  Cleveland,  Ohio  44106 


Hamlin  and  Kohn  (1)  have  reported  a 
decreased  rate  of  collagenase  digestion  of 
insoluble  human  tendon  collagen  with  in- 
creasing age.  Tendon  was  used  as  an  abun- 
dant source  of  collagen  that  can  be  readily 
purified. 

Aging  in  mammals  is  accompanied  by  a 
decline  in  efficiency  of  virtually  all  physio- 
logical processes  (2-4).  A  hypothesis  has 
been  proposed  (5)  explaining  the  debilities 
of  aging  using  the  collagen  cross-linking 
model.  This  hypothesis  suggests  that  insolu- 
ble collagen  found  in  parenchymatous  tissue 
should  exhibit  age-specific  alterations  simi- 
lar to  that  found  in  human  tendon. 

We  now  report  on  the  presence  of  such 
age-specific  alterations  in  insoluble  human 
myocardial  collagen. 

Methods  and  materials.  Heart  tissue 
source.  Hearts  were  obtained  at  autopsy 
from  male  accident  victims.  The  hearts  were 
selected  from  two  age  groups:  (i)  10  hearts 
18-  to  28-yr-old  (mature  group);  and  (ii)  6 
hearts  62-  to  91-yr-old  (old  group).  Hearts 
directly  involved  in  disease  processes  were 
not  used  for  study.  Hypertrophied  hearts 
and  hearts  showing  gross  evidence  of  in- 
farcts and/or  fibrosis  were  excluded.  Heart 
samples  were  obtained  2-6  hr  after  death 
and  were  stored  at  -40°  until  processed. 
Studies  with  fresh  tendon  and  with  purified 
collagen  showed  that  storage  did  not  signifi- 
cantly affect  digestibihty.  There  were  no  dif- 
ferences in  storage  and  handling  of  samples 
in  the  two  age  groups. 

Heart  collagen  purification.  All  proce- 
dures were  performed  at  S"*  unless  stated 
otherwise.  The  left  ventricle,  including  the 
interventricular  septum,  was  excised.  The 
epicardium  and  endocardium  were  dissected 
away,  along  with  any  visible  fat,  valves, 
blood  vessels,  and  connective  tissue.  Fifty 
grams  (wet  weight)  of  myocardium  were 

'  This  study  was  supported  by  United  States  Public 
Health  Service  Grants  No.  AG-00026  and  No. 
HD00669. 


then  pressed  under  a  40,000-lb  ram  force  in 
a  hydraulic  press  (Model  SP-215,  Pasadena 
Hydraulics,  Inc.,  El  Monte,  California). 
The  pressed  tissue  was  placed  immediately 
in  500  ml  of  0.15  M  NaCl  in  0.01  M  Tris- 
HCl  (pH  7.4)  and  shaken  vigorously  on  an 
agitator  until  repeated  washings  with  the 
NaCl-Tris  solution  became  clear.  This  usu- 
ally occurred  after  5  days  with  NaCl-Tris 
changes  every  12  hr.  The  residue  was  then 
similarly  washed  with  1 .0  M  NaQ  in  0.01  M 
Tris-HCl  (pH  7.4).  A  few  drops  of  toluene 
were  added  to  the  NaCl-Tris  stock  solutions 
to  prevent  bacterial  growth.  At  the  time  of 
each  wash  change,  the  suspension  was 
passed  through  a  No.  60  U.S.  Standard 
Testing  Sieve  (The  W.S.  Tyler  Co.,  Cleve- 
land, Ohio)  with  an  opening  of  250  fim. 
The  material  remaining  on  the  sieve  was 
removed  and  macerated  for  2  min  with  a 
mortar  and  pestle  and  was  then  resuspended 
in  500  ml  of  the  appropriate  NaCl-Tris  solu- 
tion. Finally,  this  material  was  washed  twice 
in  500  ml  of  distilled  water  with  sieving  after 
each  wash.  The  material  remaining  on  the 
sieve  was  removed  and  frozen  at  -40**  until 
further  processing. 

The  fraction  passing  through  the  sieve 
was  pooled  for  each  heart  sample  processed. 
These  pooled  washes  were  centrifuged  at 
25 ,000-30,000 g  for  120  min.  The  resulting 
supernatants  were  discarded  and  the  precip- 
itates were  frozen  at  —40**,  lyophilized,  and 
stored  at  -40**.  This  fraction  was  subse- 
quently analyzed  for  collagen  so  that  an  esti- 
mate of  total  myocardial  collagen  content  as 
well  as  percentage  collagen  recovered  could 
be  obtained. 

The  material  frozen  after  isolation  on  the 
sieve  was  lyophilized  and  treated  as  previ- 
ously described  (1,  6),  with  the  following 
modifications:  Lipid  was  extracted  in  three 
changes  of  petroleum  ether  for  1,3,  and  24 
hr,  respectively.  A  total  of  four  washes  with 
1.0  M  NaCl  in  0.01  M  Tris-HCl  (pH  7.4) 
and  six  final  washes  with  distilled  water 
were  performed.  The  material  remaining 
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these  procedures  was  frozen  at  -40'' 

/ophilized.  This  material  constituted 

irified  human  heart  collagen  (purifled 

ial). 

lagen  content  of  purified  material. 

aliquots  of  20  mg  of  purified  mate- 
omogenized  in  1  ml  of  distilled  water 

a  ground-glass  homogenizer),  were 
ted  twice  with  5  ml  of  5%  TCA  at  90° 
min.  The  extracts  were  centrifuged  at 

0  g  for  1 5  min .  The  fraction  isolated 
he  pooled  washes  passing  through  the 
ivas  treated  similarly.  Hydroxyproline 
It  in  aliquots  of  supernatant  were  de- 
led  by  the  method  of  Stegeman  and 
r  (7).  Collagen  content  was  deter- 

assuming  14%  hydroxyproline  by 
t. 

'agen  digestion.  Clostridial  collagenase 
btained  from  the  Worthington  Bio- 
:al  Corp.  (Lot  CLSPA  2KA,  440  U/ 
nd  prepared  as  previously  described 
he  collagen  digestions,  with  purified 
al  containing  10  mg  of  collagen,  were 
red  in  a  pH-stat  as  reported  previ- 
(1,  6),  with  the  following  modifica- 
The  reaction  volume  was  15  ml  and 
:ed  of  10  mg  of  collagen,  400  units  of 
mase,  2  ml  of  distilled  water,  and  13 
0.1  Af  sah  solution  (0.05  M  in  CaClj 
.05  M  in  NaCl).  The  reaction  pro- 

1  for  45  min,  at  which  time  it  was 
d  by  freezing  in  an  acetone-Dry  Ice 
t  -70**.  The  reaction  mixtures  were 
tored  at  -40''  until  further  analysis, 
eterminations  were  thus  of  rate  of 
on ,  or  of  amount  digested  per  45  min . 
ion  curves  are  not  linear  over  this 
sriod  (1 ),  but  the  amount  digested  is  a 
function  of  age  (6).  Control  incuba- 
^ere  done  on  aUquots  of  three  samples 
ified  collagen  from  both  mature  and 
mps,  excluding  the  collagenase.  Also, 
tions  were  done  on  three  aliquots  of 
mase,  excluding  the  collagen.  The 
Is  were  otherwise  treated  in  the  same 
r  as  the  experimental  group. 

stion  product  analysis.  The  reaction 
es  were  thawed  and  centrifuged  at 
10  g  for  60  min  at  5°.  The  digestion 
ts  were  passed  through  an  ultrafiltra- 
;mbrane  (Amicon  PM  10;  Lexington, 
,  using  an  ultrafiltration  cell  (Amicon 
12)  to  exclude  collagenase.  Aliquots 


of  the  digestion  product  filtrates  were  hy- 
drolyzed  in  6  N  HCI  at  110"  for  18  hr.  The 
hydrolyzed  samples  were  then  analyzed  for 
hydroxyproline  content  as  above  and  for 
ninhydrin  reactive  material  by  the  method 
of  Rosen  (8).  l- Leucine  was  used  as  the 
standard  for  the  ninhydrin  determinations. 

Collagen  standards.  Three  aliquots  of  23- 
yr-old  (>95%  collagen)  and  88-yr-old 
(>95%  collagen)  purified  human  dia- 
phragm-tendon collagen  were  hydrolyzed  as 
above  and  analyzed  for  hydroxyproline  con- 
tent and  ninhydrin-reactive  material.  Three 
aliquots  of  hot  TCA-extracted  18-yr-old 
(31.1%  collagen)  and  91-yr-old  (41 .4%  col- 
lagen) purified  human  heart  collagen  were 
treated  similarly.  A  ratio  of  total  micro- 
grams per  milliliter  of  hydroxyproline  to  to- 
tal micrograms  per  milHliter  of  ninhydrin- 
reactive  material  was  determined.  This 
served  as  a  standard  against  which  to  meas- 
ure the  digestion  products  for  evidence  that 
the  digestion  products  were  a  result  only  of 
enzymatic  hydrolysis  of  collagen. 

Statistical  analysis.  The  differences  be- 
tween the  means  were  compared  using  the 
Student's/  test. 

Results.  The  collagen  concentration  of 
mature  hearts  is  greater  than  old  hearts  on  a 
wet  weight. basis  (Table  I).  No  age-specific 
differences  exist  in  the  percentage  of  colla- 
gen recovered  and  in  the  percentage  of  col- 
lagen present  in  purified  material  (Table  I). 

The  digestion  rates  of  mature  collagen  are 
much  greater  than  that  for  old  collagen  (Ta- 
ble I).  Additionally,  the  amounts  of  hydrox- 
yproline and  ninhydrin-reactive  material, 
per  milliliter  of  digestion  product  filtrate, 
are  greater  in  mature  than  in  old  samples. 
Filtrates  from  the  incubated  collagen  and 
collagenase  controls  contain  ninhydrin-reac- 
tive material.  Recalculating  hydroxyproline 
to  ninhydrin  ratios,  after  subtracting  control 
ninhydrin  values  from  experimental  values, 
gives  ratios  of  0.159  and  0.167  for  filtrates 
from  mature  and  old  groups,  respectively. 
Thus,  on  the  basis  of  hydroxyproline  con- 
tent, the  digestion  products  represent  colla- 
gen at  least  as  pure  as  that  from  tendon 
(Table  II). 

Digestion  in  collagen  controls  is  minimal, 
does  not  involve  hydroxyproline-containing 
protein,  and  does  not  show  an  age-differ- 
ence (Table  I).  Hydroxyproline  to  ninhy- 
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TABLE  I.  Determinations  in  Mature  and  Old  Myocardial  Samples. 


Experimentals 

Control^ 

Mature 

Old 

Mature  coOagen 

Old  collagen 

CoOagtiMC 

Sample  numbci*: 

10 

6 

3 

3 

3 

Collagen  content  of  myocardium  (% 

0.63  ±  0.03* 

0.44  ±  0.05 

- 

- 

- 

wet  wt) 

Total  collagen  recovered  (%  dry  wt) 

85.8  ±  1.2 

82.0  ±  1.4 

- 

- 

- 

Collagen  content  of  purified  material 

39.1  ±  2.1 

39.4  ±  2.6 

- 

- 

- 

(%drywt) 

Digestion  (mI  NaOH)^ 

737  ±  9* 

549  ±  26 

8.0  ±  1.3 

9.5  ±  0.3 

18  t  16 

Hydroxyproline  content  of  filtrates 

70.3  ±  0.8* 

54.5  ±  2.2 

0 

0 

0 

(/tg/ml) 

Ninhydrin-reactive  nuterial  content 

584.1  ±  14.9* 

447.5  ±  17.2 

74.5  ±  14.1 

53.2  ±  6.2 

67.3:74 

of  filtrates  (tig/ml) 

Hydroxyproline  to  ninhydrin  ratios 

0.121  i  0.004 

0.122  i  0.002 

0 

0 

0 

*  Collagen  controls  consist  of  10  mg  of  collagen  from  purified  material  which  was  placed  in  the  reaction  vessel  under  identical  condition  as  tk 
experimentals  except  for  excluding  collagenase.  Collagenase  controls  consist  of  400  units  of  coUagenase  in  the  reaction  vessel  under  idemical  condekm 
as  the  experimentals  except  for  excluding  collagen. 

*  Three  aliquots  of  each  sample  were  determined  and  an  average  value  of  all  aliquots  was  obtained.  All  values  are  mean  ±  SE. 
''  I>enotes  the  amount  of  0.01  M  NaOH  added  to  reaction  mixture  during  45-min  incubation. 

*  Value  significantly  different  {P  <  0.01)  from  corresponding  old  experimental  value. 


drin-reactive  material  ratios  are  very  similar 
in  mature  and  old  highly  purified  human 
tendon  collagen,  the  digestion  products 
from  purified  material  of  mature  and  old 
human  myocardium,  and  collagen  extracted 
by  TCA  from  mature  and  old  heart  (Table 

II). 

Discussion.  Noncollagenous  material  is 
present  in  the  digestion  product  filtrates,  as 
evidenced  by  the  ninhydrin  values  of  the  col- 
lagen and  collagenase  controls.  However, 
comparing  ratios  of  hydroxyproline  to  nin- 
hydrin reactive  material  in  the  digestion 
product  filtrates  and  in  highly  purified  hu- 
man tendon  collagen  indicates  the  contribu- 
tion of  noncollagenous  material  is  trivial, 
and  that  virtually  all  of  the  digestion  is  the 
result  of  collagen  degradation  and  not  of 
nonspecific  proteolytic  activity  in  the  two 
age  groups. 

The  data  demonstrate  the  presence  of 
age-specific  alterations  in  insoluble  collagen 
of  human  myocardium.  The  digestion  rates 
and  changes  with  age  are  similar  to  those 
found  in  human  tendon,  as  previously  re- 
ported (1).  This  suggests  that  increasing  sta- 
bilization of  collagen  with  age  may  be  gener- 
alized throughout  the  body.  Although  the 
nature  of  the  molecular  alterations  in  aging 
collagen  is  not  known,  it  has  been  suggested 
that  they  consist  of  intermolecular  cross- 
linking,  and  it  is  assumed  that  such  altera- 
tions are  manifested  by  the  decreased  diges- 
tion rates  with  collagenase . 


TABLE  II.  Ratios  of  Hydroxyproune  to 

Ninhydwn-Reactive  Material  raoM  Different 

Collagen  Sources. 


Collagen  source" 


Ratio^ 


Mature  human  tendon 
Old  human  tendon 


0.126  (0.122  to  0.129) 
0.126  (0.120  to  0.134) 


TCA  extract  of  mature  puri-      0.123  (0.120  to  0.12.^1 

fied  materiaK 
TCA  extract  of  old  purified      0.129  (0.128  to  0.129) 

material 

Mature    digestion    product      0.121  (0.105  to  0.128) 

filtrate^ 
Old  digestion  product  fil-      0.122  (0.111  to  0.127) 

trate 

°  For  each  mature  and  old  collagen  source,  three 
aliquots  of  one  sample  were  determined. 

*  Values  are  means  of  aliquot  values  with  the  range 
given  in  parentheses. 

''  Purified  material  from  human  myocardium,  con- 
taining 10  mg  of  collagen,  was  extracted  with  hot  TCA 
The  TCA  extract  was  analyzed  for  hydroxyproline  and 
ninhydrin-reactive  material. 

''  Digestion  product  filtrate  from  purified  material  of 
human  myocardium. 


Rat  heart  becomes  less  compliant  with 
increasing  age  (9).  It  was  suggested  that 
connective  tissue  might  be  responsible  for 
this  change.  Kohn  and  Rollerson  (10)  ob- 
tained data  suggesting  that  the  increased 
rigidity  of  human  myocardium  was  due  to 
increased  rigidity  of  intercellular  collagen. 
Osmotic  swelling  ability  was  used  as  a  meas- 
ure of  this  rigidity.  It  was  postulated  that 
this  increased  rigidity  may  be  due  to  pro- 
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gressive  formation  of  intermolecular  bonds 
between  collagen  molecules. 

Myocardial  rigidity  resulting  from  altera- 
tions in  collagen  could  result  in  decreased 
myocardial  contractility  which  may  explain, 
in  part,  the  physiologic  decline  in  cardiac 
function  known  to  occur  with  age  (2). 

Additional  data  are  required  to  determine 
if  sites  of  enzymatic  cleavage  are  similar  in 
the  two  age  groups  studied.  Analysis  of  the 
unhydrolyzed  digestion  product  filtrates 
would  be  useful  in  this  regard. 

Summary.  A  technique  for  the  purifica- 
tion of  insoluble  human  myocardial  collagen 
is  described.  The  digestion  rate  of  old  colla- 
gen with  collagenase  is  much  less  than  that 
of  mature  collagen.  These  findings  are  simi- 
lar to  those  in  human  tendon  collagen.  It  is 
suggested  that  progressive  stabilization  of 
collagen  with  age  may  be  a  generalized  phe- 
nomenon, and  responsible,  in  part,  for  the 
decline  of  myocardial  function  with  age. 
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Methods  for  preparing  suspensions  of  iso- 
lated cells  have  been  developed  for  a  num- 
ber of  tissues,  including  the  adrenal  (1-4), 
the  anterior  pituitary  (5-11),  the  ovary  (4, 
12,  13),  the  pancreas  (14),  the  testis  (15), 
and  the  thyroid  (16).  The  use  of  cell  suspen- 
sions for  biological  studies  offers  several  ad- 
vantages including:  (i)  the  physical  and  hor- 
monal environment  of  the  cell  can  be  easily 
controlled  and  monitored;  (ii)  many  bio- 
chemical parameters  which  can  not  be  mea- 
sured in  vivo  are  more  easily  approached  in 
vitro;  and  (iii)  the  ability  to  distribute  cell 
suspensions  homogeneously  alleviates  much 
of  the  variability  associated  with  other  in 
vitro  systems.  A  variety  of  enzymatic  proce- 
dures has  been  used  to  disrupt  the  tissue 
matrix  and  free  the  cells.  The  only  method 
described  for  luteal  tissue  (12)  employed  a 
number  of  enzymes  in  a  rather  complex  pro- 
cedure. The  following  communication  de- 
scribes a  simple  and  highly  reproducible 
procedure  for  the  dissociation  of  ovine  cor- 
pora lutea  into  isolated  cell  suspensions. 

Materials  and  Methods.  Ceils  dissociation. 
Corpora  lutea  from  ewes,  superovulated  as 
described  by  Sheridan  et  al.  (17),  were  col- 
lected and  placed  immediately  into  iced  Me- 
dium 199  (Grand  Island  Biological  Com- 
pany) containing  25  mM  ^-2-hydroxy- 
ethylpeperazine -N'-l- ethanesulfonic  acid 
(HEPES,  Sigma  Chemical  Company).  Ad- 
herent connective  tissue  was  removed  from 
the  corpus  luteum  and  0.5-mm  slices  were 
prepared  with  a  Stadie-Riggs  tissue  slicer. 
The  first  and  last  slice  of  each  corpus  luteum 

'  Supported  in  part  by  the  Rockefeller  Foundation 
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was  discarded  to  minimize  capsular  mate- 
rial. The  slices  were  weighed  and  trans- 
ferred to  a  spinner  flask,  and  Medium  199 
was  added  (5  ml/g  tissue).  The  flask  was 
placed  in  a  water  bath  (32**),  and  the  con- 
tents were  stirred  magnetically  (100  rpin) 
for  10  min.  The  medium  was  then  decanted, 
fresh  medium  with  collagenase  (2000  U/g 
tissue.  Type  I  CLS,  Worthington  Biochemi- 
cal Corporation)  was  added,  and  the  incuba- 
tion continued.  At  frequent  intervals  the 
medium  was  examined  microscopically  to 
evaluate  the  progress  of  the  dissociation. 
When  a  few  free,  viable  cells  began  to  ap- 
pear (30-40  min),  the  heavier  material  was 
allowed  to  settle  and  the  su|>ematant  was 
decanted  and  discarded.  Fresh  medium  with 
enzyme  was  added  and  the  dissociation  was 
continued.  When  the  slices  were  reduced  to 
small  clumps,  the  dissociation  was  hastened 
by  repeatedly  drawing  these  clumps  into  a 
pasteur  pipet.  The  procedure  was  stopped 
when  free  cells  predominated  in  the  medium 
(2  hr).  The  contents  of  the  flask  were  trans- 
ferred and  centrifuged  (100  g,  5  min),  the 
supernatant  was  discarded,  and  the  cells 
were  washed  six  times  with  fresh  medium. 
The  cells  were  resuspended  and  filtered 
through  four  layers  of  cheese  cloth  to  elimi- 
nate large  particles.  This  final  preparation 
was  evaluated  for  cell  concentration  and  via- 
bility. If  the  suspension  was  not  used  imme- 
diately, it  was  stored  at  4**  with  added  anti- 
biotics (100  U  of  penicillin  G  and  100  /xg  of 
streptomycin  sulfa te/ml,  Difco  Laborato- 
ries). 

Viability  of  cells  was  estimated  with  a  dye 
exclusion  test  using  0.2%  trypan  blue  in 
0.9%  saline.  Cells  excluding  the  dye  were 
considered  viable  (18).  Cells  were  routinely 
counted  in  a  standard  hemocytometer  and 
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^ed  as  small  (av  diam  9  fim)  or  large 
iam  28  fim).  Each  preparation  was 
ted  to  a  standard  concentration.  Ap- 
nately  30-40  x  10^  viable  large  cells 
1  were  used  to  study  progesterone  syn- 

>gesterone  synthesis.  Preparations  of 
)  X  10^  viable  large  cells  per  ml  (1-1 .2 
'  total  cells)  were  dispensed  in  0.4-ml 
)ts  to  iced,  round-bottom  culture  tubes 

85  mm).  NIH-LH-S16,  NIH-prolac- 
,  and  NIH-HCG-CR117  were  added 

/Ltl  of  phosphate  (0.05  M)  buffered 

(0.14  M)  with  0.1%  gelatin  at  pH  7.0 
gel).  The  tubes  were  incubated  at  37° 
)ubnoff  Metabolic  Shaking  Incubator 
1  hr.  The  incubations  were  terminated 
msferring  the  tubes  to  an  80°  water 
or  20  min  to  kill  the  cells  and  denature 
teroid  enzyme  systems.  The  samples 
liluted  with  8.6  ml  of  PBS-gel.  Proges- 
j  concentrations  were  determined  by 
mmunoassay  (19).  In  a  preliminary 
ment,  15  samples  were  extracted  with 
listilled  chloroform  and  the  progester- 

the  extract  was  purified  on  silica  gel- 
>nated  glass  fiber  sheets  (Gelman  In- 
is.  Inc.)  using  10  cyclohexane:!  ethyl 


acetate.  Progesterone  levels  in  ahquots  of 
the  media  were  identical  to  those  obtained 
after  extraction  and  chromatographic  purifi- 
cation of  the  samples.  Therefore,  the  incu- 
bation media  were  assayed  directly  for  sub- 
sequent studies. 

Results,  The  first  cells  to  appear  free  in 
the  medium,  other  than  erythrocytes,  were 
small  cells,  possibly  fibroblasts.  These  cells 
predominate  in  the  final  cell  suspension  and 
range  from  5  to  13  pim  (av  9  /Ltm)  in  diame- 
ter. The  first  large  cells  to  appear  were  not 
viable,  but  the  prop)ortion  of  free,  viable, 
large  cells  gradually  increased  as  the  tissue 
was  dissociated.  The  large  cells  ranged  from 
22  to  37  pim  (av  28  pim)  in  diameter.  The 
average  yield  of  total  cells  from  tissue  ob- 
tained 1 1  days  after  superovulation  (17)  was 
81.8  ±  9.1  X  10«  cells/g  tissue.  There  were 
3.9  ±  0.3  X  10«  large  cells/g  tissue.  The 
micrograph  in  Fig.  1  shows  a  representative 
preparation  after  fixation  and  staining.  The 
trypan  blue  dye  exclusion  test  indicated  that 
75-85%  of  all  cells  were  viable.  Acridine 
orange  gave  comparable  results. 

The  dissociated  cells  contained  substan- 
tial quantities  of  progesterone  at  the  begin- 
ning of  the  incubation.  The  addition  of  lu- 


1 .   Dissociated  cells  from  corpora  lutea  of  a  superovulated  ewe  on  Day  9  of  the  cstrous  cycle.  The  cells 
ced  in  a  pellet  with  4%  glutaraldehyde.  postfixed  in  osmium  and  embedded  in  epon.  A  1-^m  section  was 
stained  with  toluidine  blue,  (x  750). 
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teinizing  hormone  (LH)  or  human  chorionic 
gonadotropin  (HCG)  to  the  cells  stimulated 
a  dramatic  increase  in  progesterone  output; 
however,  the  cells  did  not  respond  steroido- 
genically  to  prolactin  (Table  I).  Increasing 
doses  of  LH  produced  a  differential  steroi- 
dogenic response  which  was  maximal 
around  10  ng  per  incubated  tube  (Table  II). 

The  initial  progesterone  content,  the  pro- 
gesterone production  with  time,  and  steroi- 
dogenic response  to  LH  all  varied  prop)or- 
tionately  with  cell  number  (Table  III). 

To  determine  if  dissociated  cells  could  be 
stored,  paired  samples  of  cells  were  incu- 
bated immediately  or  stored  at  4°  for  48  hr 
in  Medium  199  or  in  50%  Medium  199  and 
50%  hypophysectomized  sheep  serum  (LH 
free).  The  stored  cells  were  washed  and  in- 
cubated as  described  above.  Both  groups  of 

TABLE  I.  Progesterone  Production  by  Luteal 

Cells  and  the  Effect  of  Gonadotropins  on 

Progesterone  Production. 


Treatment 


Progesterone 
Incuba-         production 
tion  (hr)  (ng) 


None 
None 

LH(lOOng) 
Prolactin  (1  ^g) 

None 
None 
HCG  (25  ng) 


237  ±  20 
281  ±  17 
627  ±  37« 
291  ±  11 

105  ±  34 
124  ±  10 
231  ±  52° 


Note:  Values  =  Mean  ±  SD. 
"  Significantly  different  from  respective  1-h  control, 
P<  0.01. 


TABLE  IL  Progesterone  Production  in 
Response  to  Various  Levels  of  LH. 


Progesterone 

production 

Treatment 

Incuba* 

V"6/ 

(ng) 

tion  (hr) 

Expt.  1 

Expt.  2 

None 

0 

96  ±  25« 

75  ±  7° 

LH(O.l) 

117  ±  8»* 

110  ±  11* 

LH  (0.3) 

126  ±  6«* 

153  ±  8^ 

LH(l.O) 

161  ±  13°* 

197  ±  9^ 

LH(3.0) 

204  ±  1 K" 

194  ±  7* 

LH(IO.O) 

254  ±  9" 

250  ±  25- 

LH  (30.0) 

180  ±  46^ 

262  ±  25'« 

LH  (100.0) 

188  ±  3r 

297  ±  4^ 

LH  (300.0) 

207  ±  25'-'' 

287  ±  44* 

Note:  Means  with  different  superscripts  are  signifi- 
cantly different  (P  <  0.05).  Values  =  Mean  ±  SD. 


Stored  cells  produced  less  progesterone  than 
the  fresh  preparation  and  their  steroido- 
genic response  to  LH  was  reduced  although 
the  percentage  increase  above  unstimulated 
controls  was  similar  to  that  of  the  fresh 
preparation  (Table  IV). 

Superovulated  animals  frequently  had  lu- 
teinized follicles  and  the  cells  from  these 
follicles  were  dissociated  to  determine  their 
steroidogenic  capacity.  Luteal  tissue  from 
the  same  animal  was  dissociated  and  incu- 
bated concurrently.  There  was  no  substan- 
tial difference  in  progesterone  production 
(Table  V)  by  these  two  cell  preparations. 

Luteal  tissue  from  other  species  has  been 
dissociated  and  the  technique  works  well 
with  bovine  luteal  tissue.  However,  the  pro- 
cedure is  too  harsh  for  use  with  rabbit  or  rat 
luteal  tissue.  It  requires  modification  with 
respect  to  enzyme  concentration  and  disso- 
ciation time  before  it  can  be  used  efficiently 
with  tissue  from  these  species. 

Discussion.  A  variety  of  enzymes  has 
been  utilized  to  obtain  suspensions  of  cells 
from  endocrine  tissues.  The  most  extensive 
research  regarding  the  dissociation  of  luteal 
tissue  is  that  of  Gospodarowicz  and  Gospo- 
darowicz  (12,  20)  and  Papaionanou  and 
Gospodarowicz  (21),  who  used  a  complex 
combination  of  enzymes  and  produced  a 
pure  population  of  large  luteal  cells.  How- 
ever, the  p)opulation  of  cells  produced  is  not 
representative  of  the  cells  which  comprise 
the  corpus  luteum  in  vivo.  This  must  have 
resulted  from  procedural  damage  to  certain 
cell  types  which  did  not  appear  in  the  final 
preparation.  The  cells  which  remained  may 
have  also  suffered  enzymatic  damage.  Their 
cell  preparations  were  responsive  to  LH 
simulation  and  appear  to  provide  an  excel- 
lent product  for  studying  the  interactions  of 
gonadotropins  and  the  large  luteal  cells. 

The  advantage  of  the  procedure  we  have 
described  is  its  simplicity  and  the  fact  that 
the  population  of  cells  obtained  is  typical  of 
that  found  in  vivo.  Fifty-two  percent  of  the 
volume  of  the  ovine  corpus  luteum,  during 
the  midluteal  phase  of  the  cycle,  is  occupied 
by  luteal  cells  (35%  granulosa-lutein,  17% 
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TABLE  III.  Effects  of  Cell  Concentration  on  Progesterone  Synthesis. 


Incubation  (hr) 

Progesl 

terone  production  (ng) 

nent 

60  K/ml 

24  K/ml 

12  K/ml 

Mg) 

0 
1 
1 

130  ±  12" 
175  ±  23'- 
656  ±  74- 

41  ±4» 
75  ±  5* 

261  ±  y 

18  ±  3* 
31  ±  5* 
83  ±  6^ 

ans  with  different  superscripts  are  significantly  different  (P  <  0.05). 

TABLE  IV.  Effects  of  Cell  Storage  on  Progesterone  Production. 

Progesterone  production  (ng) 

Incubation  (hr) 

Original' 

After  storage* 

lent 

WHSS» 

Medium  199« 

Mg) 

0 

1 
1 

110  ±  22" 
228  ±  32» 
502  ±  3^ 

26  ±  2" 
102  ±  26" 
371  ±  51" 

90  ±  14" 
121  ±  8" 
341  ±  35' 

ues  =  Mean  ±  SD.  Means  with  different  superscripts  are  significantly  different  (P  <  0.05). 
pension  used  immediately  after  dissociation, 
for  48  hr  at  4". 

was  '/2  Medium  199  and  V2  hypophysectomized  sheep  serum, 
edium  199. 


/.  Progesterone  Production  by  Cells 

EINIZED  FoLUCLES  OR  CORPORA  LUTEA. 


Incuba- 
tion (hr) 


Progesterone  production 
(ng) 


Luteinized 
follicles 


Corpora  lu- 
tea 


82 
155 
656 


7" 
9* 

3r 


126  ±  8" 
202  ±  19* 
558  ±  56^ 


lues  =  Mean  ±  SD .  Means  with  different 
are  significantly  different  (P  <  0.05). 

in).  The  remainder  of  the  volume 
ive  tissue  (35%)  and  blood  vascu- 
(13%)  (22).  Our  cell  preparations 
.8%  large  cells  (av  diam  28  fim) 
%  small  cells  (av  diam  9  /Ltm). 
these  figures,  the  large  luteal  cells 
parations  represent  59.7%  of  the 
Dlume  which  approximates  the  in 
ition.  Under  experimental  condi- 
jre  interaction  between  different 
or  their  secretory  products  may 
the  function  of  a  particular  p)opu- 
ells,  it  is  imp)ortant  that  the  disso- 
s  be  representative  of  the  normal 

ociate  the  ovine  corpus  luteum, 
zymes  were  tried,  including  crude 
urified  trypsin,  subtilisin,  hyalu- 


ronidase,  crude  collagenase,  and  purified 
coUagenase.  The  best  results  were  obtained 
with  crude  collagenase  which  was  twice  as 
effective  as  its  highly  purified  form  with  re- 
spect to  dissociation  time.  This  indicates 
that  other  proteolytic  enzymes  in  the  prepa- 
ration were  beneficial.  Various  concentra- 
tions of  enzymes  were  tested,  but  the  most 
extensive  trials  were  made  with  crude  col- 
lagenase (300-4000  U  per  g  of  tissue).  The 
addition  of  fresh  collagenase  at  frequent 
intervals  did  not  alter  dissociation  time  or 
cell  yield. 

Krebs  ringer,  bicarbonate  buffer  plus  glu- 
cose (KRBG)  with  one-half  the  normal  Ca^"*^ 
failed  to  maintain  the  cells  through  the  dis- 
sociation and  incubation  procedures.  Forti- 
fication of  KRBG  with  4%  bovine  serum 
albumin  (BSA)  (12)  produced  satisfactory 
results;  however,  there  are  disadvantages  to 
the  use  of  BSA.  BSA  contains  a  small,  but 
variable,  amount  of  LH  which  would  con- 
found any  studies  of  progesterone  produc- 
tion. Four  lots  of  commercial  BSA  were 
assayed  for  LH  by  radioimmunoassay  and 
found  to  contain  <2,  <2,  8.3,  and  14.5  pg/ 
mg  of  BSA.  BSA  and  other  common  cell 
culture  additives,  such  as  fetal  calf  serum 
(FCS),  also  protect  the  cells  from  stains  such 
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as  trypan  blue  and  result  in  erroneously  high 
viability  ratings.  Using  BSA  or  FCS,  the 
estimated  viability  of  cells  was  95%, 
whereas  without  BSA  or  FCS,  viabilities 
were  reduced  to  the  normal  range.  When 
cell  preparations  with  viabilities  as  low  as 
65%  were  resuspended  in  medium  contain- 
ing BSA  or  PCS,  they  had  viability  ratings 
of  90-95%.  Tennant  (18)  showed  that  se- 
rum protected  cells  against  the  toxic  effects 
of  trypan  blue  and  that  cells  rendered  meta- 
bolically  inert  by  heat  treatment  produced 
excellent  viability  ratings  in  the  presence  of 
serum.  For  these  reasons,  defined  media 
such  as  Dulbecco's  Modified  Eagles  and 
Medium  199  were  selected. 

Cell  suspensions,  prepared  as  described, 
synthesize  progesterone  and  are  stimulated 
to  increase  progesterone  output  in  response 
to  either  LH  or  HCG,  indicating  the  pres- 
ence of  functional  luteal  cells.  Cell  prepara- 
tions vary  with  respect  to  steroidogenic  ca- 
pabilities, possibly  due  to  animal-to-animal 
variation.  Sayers  et  al.  (14)  felt  that  similar 
variabihty  in  adrenal  cell  suspensions  may 
have  resulted  from  heterogeneous  cell  p)op- 
ulations.  Total  cell  counts  would  fail  to  re- 
flect these  differences;  however,  in  the  pres- 
ent study  cell  counts  were  standardized  on 
the  basis  of  large  luteal  cells. 

Increasing  doses  of  LH  elicited  a  graded 
response  in  progesterone  production.  This 
system  could  serve  as  a  bioassay  for  LH  or 
HCG.  The  concentration  of  LH  (lO"®  M)  at 
which  maximum  progesterone  production 
was  reached  compares  favorably  with  that 
found  by  Gospodarowicz  (12)  (10"^  M)  for 
maximum  progesterone  synthesis  and  Kam- 
merman  (23)  (10"®  M)  for  maximum  bind- 
ing of  HCG.  When  the  cell  concentration 
was  varied,  the  progesterone  synthesis  and 
the  response  to  LH  varied  proportionately, 
indicating  that  the  medium  was  adequately 
supplying  the  requirements  of  the  cells  dur- 
ing incubation.  Cells  stored  at  4°  for  48  hr 
after  dissociation  maintained  viability  and 
responded  steroidogenically.  The  steroido- 
genic response,  however,  was  not  so  great 
after  48  hr  as  when  the  preparation  was 
fresh.  This  decrement  could  signify  cell  de- 


terioration or  a  gradual  loss  of  differentiated 
function  as  a  result  of  culturing  techniques. 

Procedures  for  separating  dissociated  lu- 
teal cells  into  the  cell  p)opulations  described 
in  this  report  are  presently  being  developed. 
Centrifugation  on  both  isopycnic  and  isoki- 
netic gradients  composed  of  sucrose,  FicoK 
or  Metrizamide  have  been  employed  with 
limited  success.  The  most  promising  method 
appears  to  be  the  separation  of  cell  types  on 
a  Sepharose  2B-300  column.  Using  this  pro- 
cedure, it  has  been  possible  to  obtain  func- 
tional small  lutein  cells  devoid  of  contami- 
nation by  large  cells. 

Summary,  A  simple  and  highly  reproduci- 
ble method  was  developed  for  the  dissocia- 
tion of  ovine  luteal  tissue  into  isolated  cell 
suspensions  using  a  crude  collagenase  prep- 
aration in  Medium  199.  The  procedure  re- 
quired less  than  3  hr.  The  mean  yield  of  cells 
was  81.8  ±  9.1  X  10«  cells/g  tissue.  The 
resulting  cell  preparation  synthesized  pro- 
gesterone and  responded  to  the  addition  of 
LH  or  HCG,  but  not  prolactin,  with  in- 
creased progesterone  production.  The 
quantity  of  progesterone  produced  was  re- 
lated to  the  level  of  LH  added.  The  cells 
were  still  steroidogenically  capable  and  re- 
sponsive to  LH  after  storage  for  48  hr  at  4°. 

The  PMSG,  LH,  HCG»  and  prolactin  used  were 
supplied  by  the  National  Institutes  of  Health.  The 
sheep  were  synchronized  with  the  aid  of  Sil  Estrus 
implants,  a  gift  of  Abbott  Laboratories,  North  Chi- 
cago, Illinois.  Ovulation  was  induced  with  Gonamone, 
a  gift  of  Fort  Dodge  Laboratories,  Fort  Dodge,  Iowa. 

The  authors  acknowledge  the  technical  assistance  of 
Bobbie  Livingston,  Wayne  Hopper,  and  Vaughn  Cook. 
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The  induction  of  interferon  in  the  virus- 
infected  host  has  been  utilized  as  one  ap- 
proach to  antiviral  chemotherapy.  The  most 
extensively  investigated  interferon  inducer 
has  been  the  p)olyribonucleotide  complex, 
polyinosinic  acidrpolycytidylic  acid  [poly- 
(I:C)].  Although  poly(I:C)  has  been  ef- 
fective in  a  number  of  experimental  infec- 
tions in  man  and  animals,  important  limita- 
tions have  also  been  identified.  The  syn- 
thetic nucleotides  induce  relatively  low  lev- 
els of  interferon  in  humans,  and  a  variety  of 
side  effects  have  been  identified  in  experi- 
mental animals  (1).  One  alternative  to  the 
use  of  these  synthetic  compounds  has  been 
the  development  of  natural  biological  prod- 
ucts that  have  the  capability  of  inducing  in- 
terferon (2).  Youngner  and  associates  (3) 
have  reported  that  an  ether-extracted  prep- 
aration of  Brucella  abortus  (Bru-Pel)  in- 
duced high  levels  of  circulating  interferon  in 
mice,  and  protected  animals  against  a  subse- 
quent lethal  challenge  of  Semliki  Forest  vi- 
rus. This  report  confirms  the  interferon-in- 
ducing  capacity  of  Bru-Pel  and  extends  the 
study  of  its  potential  as  an  antiviral  agent  to 
encephalomyocarditis  (EMC)  virus  and 
Herpesvirus  hominis  type  2  (HVH-2)  infec- 
tions of  mice.  In  each  model,  the  efficacy  of 
this  compound  as  a  biologic  inducer  is  com- 
pared with  poly(I:C),  and  its  capacity  to 
function  as  an  immunopotentiator  in  en- 
hancing host  resistance  to  HVH-2  infections 
is  described. 

Materials  and  methods.  Bru-Pel.  This 
compound  was  prepared  and  supplied 

'  Publication  no.  24  from  the  Cooperative  Anti- 
viral Testing  Group  of  the  Antiviral  Substances  Pro- 
gram, National  Institute  of  Allergy  and  Infectious  Dis- 
eases, National  Institutes  of  Health. 

This  work  was  supported  by  Contract  No.  NOI-AI- 
42524  from  the  National  Institute  of  Allergy  and  Infec- 
tious Disease  (NIAID),  and  by  Grant  No.  AI-10217 
from  the  NIAID,  National  Institutes  of  Heahh. 

^  Investigator,  Howard  Hughes  Medical  Institute. 


through  the  Antiviral  Substances  Program 
of  NIH,  by  Jules  Youngner,  University  of 
Pittsburgh,  Pittsburgh,  Pennsylvania.  It  was 
received  as  a  lyophilized  powder,  and  recon- 
stituted in  phosphate  buffered  saline  (PBS) 
prior  to  inoculation  into  mice.  Concentra- 
tions as  high  as  2000  /ig  per  mouse  did  not 
produce  any  apparent  toxicity. 

Virus  strains,  media,  cell  cultures,  and  in- 
terferon assay.  The  origin  and  preparation 
of  the  MS  strain  of  HVH  type  2  and  EMC 
virus  pools,  the  media  utilized  for  the  main- 
tenance of  L-cell  cultures,  and  the  assay  for 
interferon  have  all  been  described  previ- 
ously (4). 

Statistical  evaluation.  To  compare  the  fi- 
nal mortality  of  drug-treated  and  untreated 
mice,  the  data  were  evaluated  by  the  Fisher 
Exact  test. 

Results.  Interferon  response  to  Bru-Pel. 
To  determine  the  kinetics  of  the  serum  in- 
terferon response  to  Bru-Pel,  groups  of 
six  25-g  female  Swiss  Webster  mice  were  in- 
jected intraperitoneally  (ip)  with  concentra- 
tions of  1000,  500,  or  100  /Ltg  per  mouse  of 
Bru-Pel  and  p)ooled  blood  obtained  at  3,  6, 
9,  12,  and  24  hr  after  injection.  The  capac- 
ity of  Bru-Pel  to  induce  interferon  was  com- 
pared with  mice  receiving  100  fig  of 
poly(I:C)  ip.  The  interferon  titers  obtained 
are  presented  in  Table  I.  Peak  interferon 
titers  of  3000-5000  units  were  observed  6 
hr  after  injection  of  each  concentration  of 
Bru-Pel,  and  persisted  through  12  hr.  At  24 
hr  only  low  levels  were  detectable.  Similar 
levels  of  interferon  were  induced  by 
poly(I:C),  with  the  peak  titer  occurring  at  9 
hr  after  administration. 

Hyporeactivity  to  the  induction  of  inter- 
feron. One  potential  limitation  to  the  use  of 
interferon  inducers  is  the  decreasing  inter- 
feron response  observed  after  repeated  in- 
jections (4,5).  To  determine  if  Bru-Pel  also 
induces  such  a  state  of  hyporeactivity, 
groups  of  six  animals  each  were  given  daily 
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ons  of  100  fig  of  Bru-Pel  for  4  days 
ed  at  3,  6,  9,  12,  and  24  hr  after  each 
on.  Interferon  titers  in  serum  from  6 
ir  in  these  animals  are  summarized  in 
II.  At  6-9  hr  after  the  first  injection, 
mits  of  interferon  were  present,  while 
he  second  dose  of  Bru-Pel  the  peak 
vas  reduced  to  600-900  units.  After 
ird  and  fourth  injections,  only  low 
[50-225  units)  of  interferon  were  pro- 
Although  not  shown  in  Table  II,  the 
ron  levels  in  serum  obtained  at  3  and 
ifter  injection  indicated  that  there  was 
:t  in  the  peak  interferon  response. 
viral  efficacy  of  Bru-Pel.  Based  on 
lata  which  demonstrate  the  capcity  of 
bstance  to  induce  interferon  in  vivo,  a 
of  experiments  were  designed  to  de- 
e  the  ability  of  Bru-Pel  to  protect 
igainst  three  different  experimental 
ifections:  (i)  3-week-old  mice  infected 
isally  with  HVH-2;  (ii)  adult  mice  in- 
ip  with  HVH-2;  and  (iii)  adult  mice 
d  ip  with  EMC  virus.  TTie  effect  of 
il  or  p)oly(I:C)  on  the  mortality  of  3- 
)ld  10-15-g  Swiss  Webster  mice  in- 
intranasally  with  HVH-2  was  evalu- 

E  I.  Interferon  Titers  in  Serum  of  Adult 
CE  Injected  with  Bru-Pel  or  poly(I:C). 


ron 

er       

use)         3 


Interferon  titers  (units/ml)  Hours 
postinjection 


12 


24 


:1 
} 

3075 

4475 

2150 

3000 

75 

} 

1100 

3850 

1075 

2325 

50 

3 

400 

3225 

1050 

500 

50 

:C) 

3 

3850 

3750 

5275 

3400 

150 

ated  by  treating  groups  of  animals  with  500 
fjLg  of  Bru-Pel  or  100  fig  of  p)oly(I:C)  once 
daily  for  5  days  beginning  either  6  hr  prior 
to,  or  immediately  after,  infection.  In  a  rep- 
resentative experiment  (Table  III)  the  PBS- 
treated  virus  control  animals  had  a  final 
mortality  of  70% .  Mice  that  received  ther- 
apy with  Bru-Pel  beginning  6  hr  prior  to 
infection  had  a  reduced  final  mortality  while 
those  animals  receiving  treatment  initiated 
immediately  after  infection  did  not.  Mice 
treated  with  poly(I:C),  however,  had  signifi- 
cantly lower  final  mortalities  whether  the 
treatment  was  begun  prior  to  or  after  viral 
inoculation . 

The  effect  of  Bru-Pel  or  poly(I:C)  on  the 
mortality  of  adult  mice  infected  ip  with 
either  EMC  virus  or  HVH-2  was  examined 
by  treating  groups  of  animals  beginning 
either  6  hr  prior  to,  or  immediately  after 
infection  with  500  fig  of  Bru-Pel  or  100  fig 
of  p)oly(I:C)  once  daily  for  10  days.  Al- 
though treatment  with  Bru-Pel  did  reduce 
the  mortality  in  EMC  virus-infected  mice 
(Table  IV)  therapy  with  poly(I:C)  appeared 
to  be  superior  [Bru-Pel  compared  with 
poly(I:C),  P  <  0.01].  Mortality  in  the  two 
HVH-2  infected  groups  of  mice  treated  with 
Bru-Pel  was  similar  to  control  animals, 
while  it  was  significantly  reduced  in  the 
poly  (I  :C)- treated  groups. 

Nonspecific  enhancement  of  resistance.  It 
is  recognized  that  bacterial  preparations 
such  as  Corynebacterium  parvum  (C.  par- 
vum)  and  BCG  have  multiple  effects  on 
components  of  the  host  defense  mecha- 
nisms. Previous  studies  from  this  laboratory 
indicated  that  mice  pre  treated  (10-14  days) 
with  a  killed  suspension  of  C.  acnes,  C. 


LE  II.  Interferon  Titers  in  Serum  from 
E  Given  Multiple  Injections  of  Bru-Pel. 

Bru-Pel  (100        Time  of        Interferon  titer 
Iministration     bleeding  (hr)        (units/ml) 


TABLE  III.  Effect  of  Bru-Pel  on  the  Mortalit^t 

OF  3-Week-Old  Mice  Infected  Intranasally 

WITH  HVH-2. 

Mortality 


6 
9 
12 
6 
9 

4800 

4800 

1100 

875 

600 

Treatment" 

Number 

Per- 
cen- 
tage 

P  value 

PBS 

14/20 

70 

12 

65 

Bru-Pel,  -6  hr 

6/20 

30 

<0.05 

1,2 

6 

50 

Bru-Pel,  time  0 

11/20 

55 

NS 

9 

225 

Poly(I:C),  -6  hr 

4/20 

20 

<0.01 

12 
6 
9 

50 
50 
50 

Poly(I:C),  time  0 

5/17 

29 

<0.05 

1,2,3 

"  Treatment  was 

initiated  at  either  6  hr  prior  to  (-6 

_      hr),  or  immediatelv 

'  after  (time  0 

1),  infection 

. 
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TABLE  IV.  Effect  of  Bru-Pel  on  the  Mortality 
OF  Adult  Mice  Inoculated  ip  with  EMC  Virus  or  HVH-2. 


EMC  virus 

mortality 

P  value 

HVH.2  mor- 
tality 

Treatment" 

Number 

Percent- 
age 

Number 

Percent- 
age 

P  value 

PBS 

Bru-Pel,  -6  hr 
Bru-Pel,  time  0 
Poly(I:C),  -6  hr 
Poly(I:C),  time  0 

15/15 
9/15 

10/15 
0/15 
1/15 

100 
60 

67 
0 

7 

<0.05 
<0.05 
<0.001 
<0.001 

14/15 

12/15 

14/15 

2/15 

2/14 

93 
80 
93 
13 
14 

NS 

NS 
<0.001 
<0.001 

»  Treatment  was  initiated  at  either  6  hr  prior  to  (-6  hr),  or  immediately  after  (time  0),  infection. 


parvum,  or  BCG  demonstrated  enhanced 
resistance  to  infection  with  HVH-2  (6). 
These  data  suggested  that  Bru-Pel,  a  cell 
wall  preparation  of  Brucella  abortus,  might 
also  enhance  resistance  to  viral  infections  of 
mice,  independent  of  its  capacity  to  induce 
interferon.  To  test  this  hypothesis,  groups  of 
15  adult  mice  were  treated  ip  with  various 
concentrations  of  Bru-Pel  14  days  prior  to  ip 
challenge  with  HVH-2.  The  results  of  one 
representative  experiment  are  summarized 
in  Table  V.  Concentrations  of  Bru-Pel  rang- 
ing from  2000  to  125  /Ltg/mouse  were  all 
effective  in  preventing  mortality  due  to 
HVH-2  infection.  In  subsequent  experi- 
ments, dosages  of  less  than  125  fig  were 
inactive. 

To  determine  the  time  interval  necessary 
for  induction  of  this  nonspecific  resistance, 
adult  mice  were  given  Bru-Pel  1,  4,  7,  10, 
and  14  days  prior  to  ip  inoculation  of  HVH- 
2.  Control  animals  that  received  PBS  14 
days  prior  to  infection  had  a  final  mortality 
of  87%  (Table  VI).  Animals  receiving  Bru- 
Pel  1  day  prior  to  infection  had  a  reduced 
final  mortality  presumably  reflecting  the  ac- 
tion of  interferon  since  no  protection  was 
observed  when  Bru-Pel  was  administered  4 
days  prior  to  infection.  A  significant  degree 
of  protection  was  observed,  however,  in 
mice  receiving  Bru-Pel  7,  10,  and  14  days 
prior  to  infection  as  evidenced  by  final  mor- 
talities of  47,  33,  and  13%,  respectively.  In 
these  experiments  both  Bru-Pel  and  HVH-2 
were  administered  by  the  ip  route.  This  non- 
specific enhancement  of  host  resistance  by 
Bru-Pel  to  HVH-2  infection  may  be  the  re- 
sult of  activation  of  macrophages  within  the 
peritoneal  cavity.  If  this  is  the  mechanism  of 
protection  one  might  expect  that  the  effect 
would  be  compartmentalized,  that  is,  con- 
fined to  the  peritoneal  cavity.  The  next  se- 


TABLE  V.  NoNSPEanc  Resistance  to  HVH-2 

Infection  in  Adult  Mice  Induced  by  Vaiying 

Concentrations  of  Bru-Pel. 


Mortality 

Bru-Pel«  (Mg/ 

Percent- 

mouse) 

Number 

age 

P  value 

None  (PBS) 

12/15 

80 

2000 

2/15 

13 

<0.001 

1000 

4/15 

27 

<0.01 

500 

1/15 

7 

<0.001 

250 

1/15 

7 

<0.001 

125 

2/15 

13 

<0.001 

°  Treatment  ip  14  days  prior  to  HVH-2  inoculation. 

TABLE  VI.  NoNSPEcinc  Resistance  to  HVH-2 

Infection  in  Adult  Mice  Induced  by  Bru-Pel 

Administered  at  Various  Times  Prior  to  Viral 

Challenge. 


Mortality 

Treatment" 

Percent- 

(days) 

Number 

age 

P  value 

PBS,  -14 

13/15 

87 

Bru-Pel,  -1 

4/15 

27 

<0.0l 

Bru-Pel,  -4 

12/15 

80 

NS 

Bru-Pel,  -7 

7/15 

47 

0.05 

Bru-Pel,  -10 

5/15 

33 

<0.01 

Bru-Pel,  -14 

2/15 

13 

<0.001 

"  Treatment  with  2000  fig  was  initiated  1-14  days 
prior  to  infection  with  HVH-2. 

ries  of  experiments  were  designed  to  deter- 
mine whether  this  enhancement  of  host  re- 
sistance to  HVH-2  infection  would  occur 
when  the  virus  was  inoculated  by  a  different 
route  than  the  Bru-Pel.  Groups  of  2-week- 
old  mice  were  initially  injected  ip  with  either 
PBS,  killed  C.  acnes,  or  1000  fxg  of  Bru-Pel. 
Seven  days  later  the  mice  were  infected  with 
HVH  type  2  by  either  the  intranasal  or  the 
ip  route.  The  results  from  one  experiment 
are  tabulated  in  Table  VII.  There  was  no 
reduction  of  mortality  in  those  animals  pre- 
treated  with  either  C.  acnes  or  Bru-Pel  and 
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II.  NoNSPECinc  Resistance  to  HVH-2  Infechon 

IN  3-Week-Old  Mice  Induced 

BY  Bru-Pel. 

HVH-2  IN*  Mortality 
Number      Percentage 

P  value 

HVH.2  IP'"  Mortality 
Number      Percentage 

P  value 

25/38               66 
21/31               68 
21/32               66 

NS 
NS 

18/39              46 
5/39               13 
3/33                9 

<0.01 
<0.001 

lys  prior  to  infection  with  HVH-2. 
KTulated  intranasally. 
>culated  intraperitoneally. 

ed  intranasally.  In  contrast,  those 
^treated  ip  with  either  compound 
infected  ip  had  a  significantly 
tality  than  control  mice.  These 
>t  that  both  bacterial  preparations 
tive  locally  in  the  peritoneal  cav- 
it  neither  preparation  was  active 
^H-2  infection  initiated  by  the  in- 
ute. 
m.  The  kinetics  of  the  interferon 

0  Bru-Pel  is  similar  to  that  in- 
iruses  and  synthetic  nucleotides, 

1  the  more  rapid  production  of 
usually  induced  by  bacterial 

ich  as  endotoxin .  The  response  of 
acterial  lipopolysaccharides  is 
ed  by  the  induction  of  only  a  few 
lits  of  interferon  with  peak  serum 
rring  at  1-3  hr  after  injection  (2), 
ru-Pel  induced  several  thousand 
a  peak  at  6-9  hr.  The  develop- 
/poreactivity  on  the  part  of  the 
oduce  interferon  after  multiple 
of  Bru-Pel  is  similar  to  that  in- 
►oly(I:C)  and  tilorone  hydrochlo- 
.  This  progressive  decrease  in  in- 
oduction,  however,  may  not  nec- 
:an  loss  of  antiviral  activity  since 
N  et  al.  (7)  have  reported  that 
)ses  of  poly(I:C)  were  more  effec- 
i  single  dose  in  protecting  mice 
EMC  virus  infection. 
u-Pel  and  poly(I:C)  were  more 
jainst  EMC  virus  than  they  were 
'H-2  infection  in  adult  mice.  This 
may  be  due  to  the  fact  that  EMC 
o-  to  fourfold  more  sensitive  to 
of  interferon  than  is  HVH-2  (4). 
ly,  both  inducers  were  more  ef- 
m  HVH-2  was  inoculated  by  the 
lan  the  intranasal  route.  We  have 
reported  data  which  suggest  that 
lasal  inoculation,  HVH-2  proba- 
from  the  nasopharynx  directly  to 


the  CNS  (8)  and  thus  may  be  less  amenable 
to  systemic  therapy.  This  concept  is  sup- 
ported by  the  evidence  that  chemotherapy 
with  a  number  of  antiviral  agents  has  not 
been  successful  in  preventing  mortality  due 
to  HVH-2  infections  initiated  by  the  intra- 
nasal route,  but  was  effective  when  the  ip 
route  of  viral  inoculation  was  used  (4,  8- 
10). 

In  all  three  experimental  viral  infections 
utilized  in  this  study,  Bru-Pel  did  not  appear 
to  be  as  effective  as  poly(I:C).  The  reason 
for  the  diminished  protective  efficacy  of 
Bru-Pel  as  an  interferon  inducer  is  not  com- 
pletely explained,  particularly  since  the  lev- 
els of  interferon  induced  by  a  single  dose  of 
Bru-Pel  are  similar  to  those  seen  after  a 
single  dose  of  p)oly(I:C)  and  the  degree  of 
hyporeactivity  associated  with  multiple 
doses  of  either  drug  is  similar.  These  data 
suggest  that  the  amount  of  interferon  stimu- 
lated by  interferon  inducers  should  not  be 
the  only  parameter  measured  to  determine 
potential  antiviral  efficacy  of  such  com- 
pounds. The  data  further  suggest  that  host 
resistance  mechanisms  other  than  interferon 
may  be  stimulated  by  interferon  inducers  in 
the  treatment  of  viral  infections.  Although 
the  data  presented  suggest  that  Bru-Pel  is 
less  effective  than  poly(I:C)  as  an  interferon 
inducer  in  protecting  mice  against  viral  in- 
fections, a  number  of  factors  should  be  con- 
sidered in  evaluating  the  potential  of  this 
substance  for  use  in  the  treatment  of  viral 
diseases  of  man.  In  contrast  to  poly(I:C),  it 
is  possible  that  Bru-Pel  will  be  an  effective 
interferon  inducer  in  humans  and  have  little 
or  no  toxicity.  Although  preliminary  evalua- 
tion suggests  that  Bru-Pel  is  considerably 
less  toxic  to  mice  than  poly(I:C),  detailed 
studies  have  not  been  carried  out. 

The  enhancement  of  host  resistance  to 
HVH-2  infection  when  Bru-Pel  was  admin- 
istered 10-14  days  prior  to  viral  inoculatioa 


376 


ANTIVIRAL    ACTIVITY    OF    BFU-Pel 


suggests  that  this  compound  may  have  more 
than  one  mechanism  of  action.  In  support  of 
this  concept  is  the  report  of  DeClercq  and 
De  Somer  (11),  who  showed  that  adminis- 
tration of  live  Brucella  abortus  to  rabbits  1 
week  prior  to  vaccinia  virus  challenge,  in- 
hibited lesion  development  in  the  absence  of 
detectable  circulating  interferon.  The  re- 
sults presented  in  this  paper  suggest  that 
Bru-Pel,  in  addition  to  its  action  as  an  inter- 
feron inducer,  can  also  protect  mice  from 
viral  infection  by  nonspecific  induction  of 
resistance,  presumably  through  the  activa- 
tion of  cells  of  the  reticuloendothelial  sys- 
tem. Two  other  interferon  inducers, 
poly(I:C)  and  tilorone  hydrochloride,  both 
failed  to  induce  resistance  to  HVH-2  infec- 
tion in  mice  when  tested  under  similar  con- 
ditions. The  active  component  of  Bru-Pel 
responsible  for  nonspecific  enhanced  resist- 
ance is  not  known.  It  does  not  appear  to  be 
mediated  by  endotoxin,  however,  since  E. 
coli  0111.34  lipopolysaccharide  (Difco),  or 
a  glycolipid  preparation  from  Salmonella 
minnesota  failed  to  induce  enhanced  resist- 
ance to  HVH-2  infection  of  mice  (unpub- 
lished results).  The  stimulation  of  an  exuda- 
tive reaction  of  cells  in  the  peritoneal  cavity 
does  not  provide  an  adequate  explanation 
either,  since  three  inducers  of  an  inflamma- 
tory reaction  (peptone,  glycogen,  and  thio- 
glycollate)  used  in  our  laboratory  have 
failed  to  increase  nonspecific  resistance  to 
HVH-2  infection  in  mice  using  pretreatment 
regimens,  even  though  all  stimulated  a  cel- 
lular reaction  in  the  peritoneal  cavity. 

Summary,  These  data  provide  evidence 
that  (i)  the  peak  level  and  duration  of  the 
serum  interferon  response  induced  in  mice 
by  Bru-Pel  is  similar  to  that  induced  by 
some  viruses  and  poly(I:C);  (ii)  the  induc- 
tion of  interferon  is  markedly  reduced  after 
multiple  injections  of  Bru-Pel;  (iii)  when 
administered  as  an  interferon  inducer,  Bru- 


Pel  does  not  appear  to  be  as  effective  as 
poly(I:C)  in  protecting  mice  infected  with 
either  encephalomyocarditis  virus  or  Her- 
pesvirus hominis  type  2;  and  (iv)  when  given 
10-14  days  prior  to  virus  inoculation,  Bru- 
Pel  is  effective  as  a  nonspecific  enhancer  of 
host  resistance  to  viral  infection.  These  data 
suggest  that  Bru-Pel,  in  addition  to  its  use  as 
an  interferon  inducer,  may  have  a  role  as  a 
nonspecific  potentiator  of  host  resistance 
similar  to  that  which  has  been  reported  for 
other  bacterial  agents  such  as  C.  parvum 
and  BCG. 

The  authors  would  like  to  thank  James  T.  Richards 
for  excellent  technical  assistance. 
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The  respiratory  tract  is  a  frequently  used 
site  for  the  administration  of  a  variety  of 
volatile  and  nonvolatile  therapeutic  agents 
(1 ,  2).  In  the  case  of  nonvolatile  drugs,  the 
intention  of  inhalation  therapy  has  usually 
been  that  the  compounds  act  locally  within 
the  lungs.  However,  in  a  few  instances,  non- 
volatile agents  have  been  administered  into 
the  respiratory  tract  with  the  intention  that 
they  exert  a  systemic  action.  For  example, 
heparin,  a  substance  that  is  poorly  absorbed 
from  the  gastrointestinal  tract  and  oral  cav- 
ity (3-6),  has  been  shown  to  produce  a  sys- 
temic anticoagulant  effect  when  inhaled  as 
an  aerosol  by  normal  human  subjects  (7). 
Moreover,  cyanocobalamin  (vitamin  B12),  a 
substance  which  requires  the  presence  of 
intrinsic  factor  for  rapid  intestinal  absorpv 
tion  and  which  is  very  p)oorly  absorbed  from 
the  gastrointestinal  tract  in  the  absence  of 
intrinsic  factor  (8),  has  been  shown  to  be 
therapeutically  effective  in  the  treatment  of 
pernicious  anemia  when  administered  to  pa- 
tients by  inhalation  of  p)owders  or  liquid 
aerosols  containing  the  vitamin  (9,  10). 

From  the  work  cited  above,  it  is  not  clear 
whether  absorption  of  inhaled  heparin  and 
cyanocobalamin  occurs  by  diffusion  or  by  a 
more  complex  transp)ort  process.  Moreover, 
the  studies  provide  no  information  on  the 
rate  of  absorption  of  these  substances  from 
the  respiratory  tract.  In  the  present  investi- 
gation in  the  rat,  quantitative  evidence  is 
presented  that  describes  the  mechanisms 
and  relative  rates  of  pulmonary  absorption 
of  heparin  and  cyanocobalamin. 

Materials  and  methods.  Procedure  in  ani- 
mals. To  investigate  the  absorption  of  hepa- 
rin and  cyanocobalamin  from  the  lung,  male 
Charles  River-derived  rats  (150-200  g) 
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were  anesthetized  with  pentobarbital  (50 
mg/kg)  and  prepared  surgically  according  to 
a  method  described  previously  (11).  Briefly, 
the  trachea  was  exp)osed  through  a  ventral 
midline  incision  in  the  neck.  A  2.5-cm 
length  of  PE  240  tubing,  which  served  as  a 
tight-fitting  tracheal  cannula,  was  inserted 
through  an  incision  between  the  fourth  and 
fifth  tracheal  rings  caudal  to  the  thyroid  car- 
tilage to  a  depth  of  0.6  cm.  Solutions  of 
heparin  (0.001-1  mA/)  or  cyanocobalamin 
(0.01-1  mA/)  were  prepared  by  adding  ra- 
dioactively  labeled  compound  together  with 
unlabeled  compound  to  Krebs-Ringer  phos- 
phate solution  (pH  7.4),  in  which  Ca  ion 
had  been  lowered  to  one-fifth  the  usual  con- 
centration to  avoid  turbidity  (12).  One- 
tenth  milliliter  of  solution  was  injected  into 
the  lungs  through  PE  20  tubing  attached  to 
a  calibrated  100-pil  syringe.  The  injection 
tubing  was  inserted  through  the  tracheal 
cannula  to  a  point  approximately  1  mm 
above  the  bifurcation  of  the  trachea,  the 
solution  injected  over  a  1-2  sec  interval, 
and  the  tubing  quickly  withdrawn.  The  inci- 
sion in  the  skin  was  then  closed  with  a 
wound  clip  and  body  temperature  main- 
tained at  37  ±  r  by  heat  from  a  40-W 
incandescent  lamp  suspended  above  the  ani- 
mal. 

Tissue  extraction  and  drug  assay.  At  the 
end  of  an  absorption  period  (0.25-12  hr), 
the  lungs,  with  attached  trachea  and  can- 
nula, were  excised  from  the  animal.  The 
tissue  was  weighed  and  placed  in  a  15-ml 
Tenbroeck  glass  homogenizer  together  with 
washings  from  the  tracheal  cannula  and  suf- 
ficient distilled  water  to  make  a  total  weight 
of  4  g.  After  homogenization,  100-mg  sam- 
ples of  the  tissue  homogenate  were  trans- 
ferred into  glass  liquid  scintillation  counting 
vials,  and  to  each  vial  was  added  0.2  ml  of 
60%  perchloric  acid  together  with  0.4  ml  of 
30%  hydrogen  peroxide.  The  vials  were 
then  heated  at  70°  for  1-1.5  hr.  To  the 
resulting  tissue  digest  was  added  20  ml  of  a 
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liquid  scintillation  medium  of  the  following 
composition:  6  g  of  2,5-diphenyloxazole, 
573  ml  of  toluene,  and  427  ml  of  ethylene 
glycol  monomethyl  ether.  Radioactivity  was 
measured  using  a  Packard  model  3375  Tri- 
Carb  liquid  scintillation  spectrometer 
equipped  with  automatic  external  standardi- 
zation. Net  counts  per  minute  were  cor- 
rected for  quench  by  comparison  with  a 
standard  quench  correlation  curve  deter- 
mined for  the  liquid  scintillation  medium 
used.  It  was  assumed  that  no  radioactivity 
was  lost  by  animal  expiration.  When  known 
amounts  of  compound  were  added  to  lung 
tissue  and  the  assays  carried  out  as  de- 
scribed above,  recoveries  (±  SE  in  three 
determinations)  were  essentially  complete: 
heparin  99  ±  1  %  and  cyanocobalamin  98  ± 
2%. 

Diffusion  coefficients.  For  the  following 
compounds,  coefficients  of  free  diffusion 
(water,  37°),  as  measured  by  the  method  of 
Schantz  and  Lauffer  (13),  have  been  re- 
ported previously:  mannitol,  sucrose,  inu- 
lin,  and  dextran  (14);  erythritol  (11);  and 
urea  (15).  Diffusion  coefficients  for  sul- 
fanilic  acid,  p-aminohippuric  acid  (PAH), 
tetraethylammonium  (TEA),  procaine 
amide  ethobromide  cation  (PAEB),  andp- 
acetylaminohippuric  acid  (PAAH)  were  cal- 
culated previously  (12)  from  the  Stokes- 
Einstein  equation  (16,  17).  Diffusion  coeffi- 
cients for  heparin  and  cyanocobalamin  were 
calculated  in  the  present  study  from  the 
Stokes-Einstein  equation,  and  densities 
used  in  the  calculations  were  determined  by 
air  displacement  using  a  Fekrumeter  (Gal- 
lard-Schlesinger  Co.). 

Drugs.  Radioactively         labeled 

pS]heparin,  specific  activity  3.23  mCi/g 
(64.6  mCi/mmole  based  on  a  mol  wt  of 
20,000),  and  [G-^H]cyanocobalamin,  spe- 
cific activity  1.65  Ci/mmole,  were  obtained 
from  Amersham-Searle .  Unlabeled  heparin 
sodium  was  obtained  from  Fisher  Scientific 
Co.,  and  cyanocobalamin  from  Sigma 
Chemical  Co.  With  the  above  radioactively 
labeled  compounds,  it  has  been  shown  by 
the  manufacturer  using  electrophoresis  that 
the  labeled  heparin  has  a  radiochemical  pu- 
rity greater  than  95%  and  the  labeled  cya- 
nocobalamin a  radiochemical  purity  greater 
than  98%. 


Results  and  discussion.  Results  of  pulmo- 
nary absorption  studies  with  heparin  and 
cyanocobalamin  are  shown  in  Fig.  1.  When 
the  percentage  of  unabsorbed  radioactivity 
was  plotted  semilogarithmically  against 
time,  the  data  for  each  compound  con- 
formed to  a  straight  line,  suggesting  first- 
order  kinetics  for  the  absorption  process. 
Half-times  for  absorption  and  apparent 
first-order  rate  constants,  calculated  from 
the  slopes  of  the  lines,  are  listed  in  Table  I. 
It  can  be  seen  that  the  time  required  for 
50%  of  a  dose  to  be  absorbed  was  3  hr  for 
cyanocobalamin  and  9.2  hr  for  heparin. 

Evidence  that  both  compounds  are  ab- 
sorbed by  a  nonsaturable  transport  process, 
such  as  simple  diffusion,  was  seen  when  ab- 
sorption rates  were  measured  over  a  wide 
range  of  initial  concentrations.  As  shown  in 
Table  II,  when  the  concentration  of  cyano- 
cobalamin was  varied  100- fold,  from  0.01 
to  1  mA/,  the  2-hr  absorption  rate  was  di- 
rectly proportional  to  concentration,  the 
percentage  absorption  remaining  essentially 
constant.  Similarly,  concentration  studies 
with  0.001-1  mA/  heparin  showed  no  evi- 
dence of  saturation  over  the   1000-fold 
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Fig.  1 .  Absorption  of  radioactivity  from  the  rai 
lung  after  administration  of  ['^SJheparin  and 
[^Hjcyanocobalamin.  Krebs-Ringer  phosphate  solu- 
tion (0.1  ml),  containing  a  compound  (0.1  mA#).  «^ 
administered  intratracheally  to  anesthetized  rats  pre- 
pared with  a  tight-fitting  tracheal  cannula.  Each  point  is 
the  mean  of  three  to  six  animals.  Vertical  brackets 
indicate  SE.  and  absence  of  brackets  indicates  thatSE 
was  too  small  to  be  shown. 
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TABLE  I.  Absorption  of  RADiOAcnvmr  from  the  Rat  Lung  after  Administration  of 
['H]Cyanocobalamin  and  [**S]Heparin. 


Molwt 

Diffusion  coef- 
ficient (D,  37*') 
cmVsec  X  10« 

Rate  of  absorption" 

mpound 

Half-time      Rate  constant 
(hr)                 X  hr-» 

>cobalamin 
in 

1,355 
6,000-20,000 

4.33 
2.87-1.93* 

3.0                0.231 
9.2                 0.0753 

;nt  first-order  rate  constant  is  equal  to  0.693  divided  by  the  half-time  in  hours.  Half-time  values  were 

rom  the  curves  shown  in  Fig.  1. 

on  a  molecular  weight  range  of  6,000-20,000  (18,  20,  21). 

E  II.  Effect  of  Concentration  on  Absorption  of  RADiOAcnviT^r  from  the  Rat  Lung  after 
Administration  of  ['HJCyanocobalamin  and  [^SJHeparin. 


mpound 


Time  for 

absorption 

(hr) 


Percentage  of  dose  absorbed" 


0.001 


Concentration  (mM) 
0.01  0.1 


1.0 


>cobalamin 
in 


35  ±  1 


43  ±  4 


33  ±  2 
45  ±  2 


39  ±  3 
46  ±  2 


Ringer  phosphate  solution  (0.1  ml),  containing  various  concentrations  of  a  compound,  was  adminis- 
racheally  to  anesthetized  rats  prepared  with  a  tracheal  cannula.  Each  absorption  value  is  the  mean  of 
lis  ±  SE. 


ince  percentage  absorption  re- 
onstant  at  43-46%  (Table  II). 
us  work  in  this  laboratory  (11,  12) 
jsted  that  the  respiratory  tract  epi- 
)f  the  rat  has  permeability  charac- 
iimilar  to  those  of  the  classical  li- 
5  type  of  biologic  membrane.  Li- 
ble  compounds  are  absorbed  more 
han  lipoid-insoluble  compounds, 
rates  of  absorption  are  generally 

0  the  lipid/water  partition  coeffi- 
the  compounds.  Lipid-insoluble 

;s  appear  to  be  absorbed  primarily 
cted  diffusion  through  aqueous 
the  pulmonary  membrane  at  rates 
related  to  their  molecular  size. 
r,  a  comparison  of  pulmonary  ab- 
ates (apparent  first-order  rate  con- 

1  with  diffusion  coefficients  (D,  in 
J7°)  for  urea  and  some  saccharides 
I  that  there  is  at  least  three  differ- 

of  pores  in  the  absorbing  mem- 
).  Since  both  cyanocobalamin  and 
are  lipoid-insoluble  compounds 
ind  would  accordingly  depend  pri- 
i  the  pore  route  for  their  absorpv 
of  interest  to  compare  their  k  and 
with  similar  values  obtained  previ- 
certain  other  lipoid-insoluble  mol- 
widely  different  molecular  size.  In 
values  rep)orted  previously  (11,12) 


for  several  comp)ounds  of  molecular  weight 
60  to  75,000  are  plotted  semilogarithmi- 
cally  against  D  values  for  the  same  com- 
p)ounds.  From  these  data,  it  should  be  possi- 
ble to  predict  with  some  degree  of  accuracy 
the  pulmonary  absorption  rate  for  most 
other  lipoid-insoluble  compounds  that  are 
absorbed  mainly  by  diffusion  through  mem- 
brane pores.  When  k  and  D  values  for  hepa- 
rin and  cyanocobalamin  are  plotted  on  this 
figure,  it  can  be  seen  that  the  points  for  both 
compounds  appear  on  or  very  near  the 
drawn  curve.  Thus,  the  observed  absorption 
rates  for  heparin  and  cyanocobalamin  are 
about  what  would  be  predicted  on  the  basis 
of  their  calculated  diffusion  coefficients. 

Summary.  Solutions  of  heparin  and  cya- 
nocobalamin were  administered  through  a 
tight-fitting  tracheal  cannula  into  the  lungs 
of  anesthetized  rats.  The  times  necessary  for 
50%  absorption  from  the  lungs  were  3  hr 
for  cyanocobalamin  and  9.2  hr  for  heparin. 
The  absorption  process  did  not  become  sat- 
urated when  drug  concentrations  were 
raised  100  to  1000-fold,  suggesting  that 
both  compounds  are  absorbed  mainly  by  a 
process  of  simple  diffusion.  A  comparison 
of  pulmonary  absorption  rates  and  diffusion 
coefficients  of  heparin  and  cyanocobalamin 
with  corresponding  values  reported  previ- 
ously for  other  lipoid-insoluble  compounds 
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Fig.  2.  Comparison  of  pulmonary  absorption  rate 
constants  (k  x  hr~*)  with  diffusion  coefficients  (D,  cmV 
sec  X  10*)  for  various  lipoid-insoluble  compounds. 
Rate  constants  for  all  compounds  were  measured  in  this 
laboratory  and,  except  for  heparin  and  cyanocobala- 
min,  have  been  reported  previously  (11,  12).  Rate 
constants  for  the  latter  two  drugs  are  taken  from  Table 
I.  Diffusion  coefficients  for  the  compounds  were  either 
measured  or  calculated  (see  Materials  and  Methods 
section  for  details).  The  diffusion  coefHcient  for  hepa- 
rin was  calculated  for  a  molecular  weight  of  13.000, 
and  horizontal  brackets  indicate  values  calculated  for  a 
molecular  weight  range  of  6,000-20,000  (18,  20,  21). 
An  estimated  curve  of  best  fit  has  been  drawn  through 
the  points. 

indicated  that  observed  absorption  rates 
were  close  to  the  rates  predicted  for  the  two 
drugs  based  on  their  calculated  diffusion 
coefficients  and  the  view  that  absorption 
occurs  mainly  through  membrane  pores. 
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hmical  changes  in  serum  levels  of 
les  are  well  known  (1).  In  the  adult 
t  a  daily  maximum  in  luteinizing  hor- 
LH)  and  prolactin  has  been  reported 
ir  at  about  the  middle  of  the  dark 
(2);  another  study  showed  the  peak 
actin  at  the  beginning  of  the  dark 
(3).  In  the  human  male  the  highest 
evels  of  LH  (4)  and  testosterone  (5) 
;en  found  late  in  the  dark  or  early  in 
t  period.  A  daily  peak  in  serum  tes- 
le  for  the  adult  male  rat  was  found  at 
/hich  was  also  late  in  the  dark  period 

the  other  hand,  rhythmical  changes 
n  follicle  stimulating  hormone  (FSH) 
;en  difficult  to  establish;  one  study 
he  male  rat  failed  to  show  a  rhythm 
[lother  (8)  reported  a  peak  in  serum 

0400  or  2  hr  before  the  start  of  a 
khr  light  period. 

mtrast  to  the  situation  in  adults, 
?ss  information  is  available  on  the 
il  changes  in  hormones  of  immature 
.  The  concept  is  generally  accepted 
^thms  develop  with  age  and  become 
hed  only  at  about  the  time  of  pu- 
>).  Prominent  nocturnal  increases  in 
^H  (10)  and  testosterone  (11)  have 
ported  for  the  pubertal  human  male . 

prepubertal  male  rat  (35  day) 
J  in  FSH  or  LH  were  not  found  (8). 
Ic  of  information  regarding  variations 
onal  levels  in  the  p)ost  weaning  male 
npted  the  present  study;  the  results 
stinct  changes  with  time. 
ials  and  methods.  Male  rats  of  the 
an  strain  were  used.  They  were 
in  temperature  (24  ±  2°)  and  light 
light:  0600-2000)  controlled  quar- 
h  free  access  to  food  and  tap  water, 
vere  opened  and  each  animal  han- 
lily  prior  to  the  beginning  of  the 
V  group  of  five  animals  was  decapi- 


tated every  4  hr  from  0800  on  the  twenty- 
fifth  day  until  1600  on  the  twenty-sixth  day 
of  age.  Decapitation  was  done  as  soon  as 
possible  (5-15  sec)  after  the  animal  was 
removed  from  the  cage.  Since  stress  may 
alter  hormonal  patterns  (2),  efforts  were 
made  to  minimize  disturbance  during  this 
procedure . 

Serum  was  separated  by  centrifugation 
(1500  g  for  15  min)  after  the  blood  had 
clotted  at  room  temperature;  it  was  stored 
at  -17°.  Assays  were  performed  in  the  fol- 
lowing sequence:  (i)  LH(homologous  sys- 
tem); (ii)  FSH;  (iii)  testosterone;  (iv)  an- 
drostenedione(androst-4-ene-3 , 1 7  dione) ; 
(v)  LH  (heterologous  system);  (vi)  20a-di- 
hydroprogesterone  (20a-hydroxypregn-4- 
en-3-one)  (20aDHP);  and  (vii)  progester- 
one. If  there  was  insufficient  volume  of 
serum  for  the  next  determination  the  sample 
was  dropped  from  the  study. 

LH  and  FSH  were  measured  by  a  double 
antibody  radioimmunoassay  using  materials 
supplied  by  the  NIAMDD-Rat  Pituitary 
Program.  LH  was  also  assayed  using  anti- 
ovine  LH  (prepared  by  Dr.  Gordon  Niswen- 
der,  Colorado  State  University)  and  iodi- 
nated  ovine  LH  (NIAMDD).  The  details  of 
the  assay  procedures  have  been  published 
(12).  The  results  of  all  assays  were  ex- 
pressed in  terms  of  rat  standards  (RP-1  LH; 
RP-1  FSH). 

The  steroids  were  also  measured  by  ra- 
dioimmunoassay. Anti-testosterone  and 
anti-progesterone  were  prepared  in  this  lab- 
oratory and  their  characteristics  in  assays 
have  been  reported  (13).  Anti-androstene- 
dione  was  a  gift  of  Drs.  H.  Lindner  and  S. 
Bauminger  of  the  Weizmann  Institute  (Re- 
hovot,  Israel);  its  use  in  assays  of  this  steroid 
have  been  published  (14).  Anti-20aDHP 
was  supplied  by  Drs.  C.  N.  Pang  and  J. 
Hilliard  (University  of  California,  Los  An- 
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geles).  The  20aDHP  was  attached  through 
the  carbon-3  position  to  bovine  serum  albu- 
min for  an  antigen.  The  only  steroid  which 
gave  appreciable  cross-reactivity  (>1%) 
with  the  antiserum  was  20/3DHP  (42%). 

Tritiated  steroids  were  purchased  from 
New  England  Nuclear  Corp  (Boston, 
Mass).  Specific  activities  were:  testosterone 
45  Ci/mmole;  androstenedione  48  Ci/ 
mmole;  progesterone  50.3  Ci/mmole;  20 
DHP  50.3  Ci/mmole.  Steroid  standards 
were  obtained  from  Sigma  Chemical  Co. 
(St.  Louis,  Mo.)  and  were  dissolved  in 
methanol. 

The  steroid  assays  were  performed  in 
phosphate  buffered  saline  (0.1  A/,  pH  7.0). 
Serum  (25-50  /xl)  was  diluted  with  1  ml  of 
distilled  water  and  extracted  once  with  3 
volumes  of  freshly  opened  diethyl  ether.  Ex- 
traction efficiency  was  evaluated  by  extrac- 
tion of  5000  cpm  of  steroid  from  1  ml  of 
water.  The  ether  extracts  were  taken  to  dry- 
ness and  redissolved  in  0.1  ml  of  buffer 
containing  0.1%  gelatin.  Sufficient  antibody 
to  bind  40-55%  of  the  labeled  steroid  was 
added  and  the  solution  incubated  at  room 
temperature  for  30  min.  After  addition  of 
15,000  dpm  of  labeled  steroid,  the  incuba- 
tion was  continued  overnight  at  4°.  Free  and 
antibody-bound  steroids  were  separated  by 
dextran-coated  charcoal  and  centrifugation 
for  10  min  at  1500  g.  A  0.5-ml  aliquot  of 
the  supernatant  was  placed  in  a  scintillation 
vial  with  5  ml  of  Bray's  solution  and  counted 
for  10  min  in  a  Packard  scintillation  spec- 
trometer (35%  efficiency  for  tritium). 

Standard  curves  for  gonadotropin  and 
steroid  assays  were  linearized  by  logit  and 
log  dose  transformations;  unknowns  were 
extrapolated  after  linear  regression  analysis. 
Samples  were  randomized  and  analyzed  in 
duplicate  for  a  particular  hormone  in  a  sin- 
gle radioimmunoassay.  Intraassay  coeffi- 
cients of  variation  between  duplicates  did 
not  exceed  10%.  Values  below  the  sensitiv- 
ity of  the  assay  were  not  included  in  statisti- 
cal calculations.  Data  were  analyzed  by  one- 
way analysis  of  variance  and  by  Duncan's 
new  multiple  range  test  (15),  with  a  proba- 
bility of  less  than  5%  considered  statistically 
significant. 

Results  and  discussion.  The  results  of  the 
study  are  shown  in  Fig.  1 .  Serum  FSH  con- 
centrations changed  significantly  with  time 


[F(8,29)  =  2.66,  P  <  0.05].  It  was  high  in  the 
morning  (0800),  lower  during  the  remain- 
der of  the  light  period  (1200-1600),  and 
then  steadily  increased  to  a  high  point  near 
the  end  of  the  dark  period  (0400).  A  ver> 
similar  pattern  was  found  previously  in  adult 
males  of  the  same  strain  housed  under  the 
same  conditions  (8).  Serum  testosterone 
[f(8,35)  =  3.09,  P  <  0.01]  and  androstene- 
dione [f{8,  35)  =  3.39,  P  <  0.01]  also  had 
significant  variations  with  time;  the  andro- 
gens were  correlated  with  each  other  (r  = 
0.95,  P  <  0.01). 

Testosterone  showed  the  same  degree  of 
variation  and  the  same  changes  with  time  as 
has  been  reported  for  the  adult  male  rat  (6). 
In  the  latter  study  serial  bleedings  from  ani- 
mals under  ether  anesthesia  were  used: 
ether  is  a  stress  that  can  alter  endocrine 
rhythms  (2).  Although  the  serum  androgens 
followed  the  same  general  pattern  of 
changes  as  did  FSH,  comparison  of  individ- 
ual serum  samples  shows  that  there  is  not  a 
significant  correlation  (FSH: testosterone,  r 
=  0.27)  (FSHiandrostenedione,  r  =  0.26). 
However,  the  recent  finding  that  highly  pur- 
ified FSH  is  as  effective  as  LH  in  raising 
serum  testosterone  in  hypophysectomized 
male  rats  (16)  indicates  that  we  must  con- 
sider the  possibility  that  the  FSH  was  the 
stimulus  for  the  increases  in  androgen. 

Serum  LH[F(8,33)  =  1.17,  NS),  proges- 
terone [F(8,25)  =  1.74,  NS),  and  20aDHP 
[f(7,27)  =  1.09,  NS]  did  not  significantly 
vary  with  time.  LH  was  highest  at  0800  and 
0400  but  large  differences  between  animals 
within  groups  prevented  statistical  signifi- 
cance. The  results  for  LH  were  confirmed 
(data  not  shown)  in  a  heterologous  ovine 
radioimmunoassay  system  which  is  more 
sensitive  than  the  homologous  assay.  Com- 
parison of  LH  levels  with  those  of  testoster- 
one in  the  same  samples  failed  to  show  a 
significant  correlation  (r  =  0.15),  but  LH 
and  FSH  are  correlated  (r  =  0.51,  P  <  0.01). 

The  demonstration  of  a  distinct  rhythm  in 
serum  androgens  without  significant 
changes  in  LH  suggests  lack  of  a  relation- 
ship. However,  we  measured  a  rapidly  dis- 
appearing gonadotropin  at  infrequent  inter- 
vals and  therefore  short  periods  of  increased 
output  of  LH  by  the  pituitary  could  easily  be 
missed.  There  is  the  possibility  that  rhythmi- 
cal changes  in  Leydig  cell  steroidogenic 
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Fig.  1.  Variations  with  time  in  serum  gonadotropin  and  steroid  concentrations  in  male  rats.  Groups  were 
decapitated  at  4-hr  intervals  on  the  twenty-fifth  and  twenty-sixth  days  of  life.  Vertical  lines  indicate  standard  errors 
for  the  number  of  observations  indicated.  The  dashed  line  denotes  the  grand  mean  when  variations  with  time  were 
insignificant.  Shaded  area  indicates  daily  dark  period. 


function  occur  independently  from  changes 
in  gonadotropin.  Previous  studies  using  hy- 
pophysectomized  immature  male  rats 
treated  with  LH  and  prolactin  suggested 
that  the  testes  were  more  sensitive  to  gona- 
dotropic stimulation  during  the  dark  period 
(17).  A  similar  suggestion  has  been  pro- 
posed to  account  for  the  diurnal  variation  in 
testosterone  in  the  human  (11).  Preliminary 
experiments  (D.  C.  Johnson  and  H.  C. 
Cheng,  unpublished)  have  shown  that  in- 
creased testosterone  levels  are  maintained 
longer  in  hypophysectomized  males  given 
LH  and  prolactin  in  the  dark  period  com- 


pared to  those  injected  in  the  light  period; 
the  magnitude  of  the  increase  in  androgen 
was  not  time  dependent,  only  the  duration. 
These  results  could  also  be  interpreted  as 
indicating  fluctuations  in  the  rate  of  destruc- 
tion of  hormone,  rather  than  in  the  rate  of 
secretion .  This  aspect  has  been  inadequately 
studied  but  in  the  human  at  least  the  meta- 
bolic clearance  rate  of  testosterone  does  not 
change  with  time  (5). 

The  significance  of  the  changes  with  time 
found  in  the  present  study  are  not  clear.  The 
pattern  of  serum  concentrations  needs  to  be 
followed  for  a  much  longer  time  in  order  to 
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establish  whether  a  true  circadian  rhythm 
(20-28  hr)  is  involved.  These  data  do 
clearly  demonstrate,  however,  that  studies 
of  gonadotropins  and  androgens  in  imma- 
ture male  rats  must  consider  temporal 
changes.  The  absolute  values  for  the  serum 
androgens  in  the  immature  rats  were  rela- 
tively low  but  the  temporal  fluctuations  for 
testosterone  represent  a  fivefold  and  for  an- 
drostenedione  a  threefold  variation  in  mean 
concentrations. 

Summary.  Radioimmunoassays  were 
used  to  measure  serum  levels  of  LH,  FSH, 
testosterone,  androstenedione,  progester- 
one, and  20adihydroprogesterone  in  imma- 
ture (25-26  day)  male  rats  decapitated  at 
various  times  of  the  day.  Only  FSH,  testos- 
terone, and  androstenedione  showed  a  sig- 
nificant variation  with  time;  the  maximal 
values  occurred  late  in  the  dark  and  early  in 
the  light  period. 
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:tural  Changes  in  Glyceraldehyde-3-Phosphate  Dehydrogenase  during 
Temperature  Acclimation  of  Rainbow  Trout  (39402) 


'RANK  S.  RANUSKA,  ESTHER  M.  LEISE,  and  IRVING  GRAY 

Department  of  Biology,  Georgetown  University,  Washington,  D.C.  20057 


It  reports  it  has  been  shown  by  us 
d  others  (3)  that  the  kinetics  of 
solated  from  members  of  a  species 
been  acclimated  to  different  tern- 
have  been  altered.  In  addition,  it 
reported  by  us  that  the  changed 
)perties  may  be  the  result  of  modi- 
ry  or  quaternary  structure  of  the 
^).  In  the  present  report,  immuno- 
:hniques  have  been  used  to  dem- 
i  change  in  the  conformation  of 
hyde-3-phosphate  dehydrogenase 
,  isolated  from  rainbow  trout  ac- 

0  5  and  15^ 

Is  and  methods.   Rainbow  trout, 

Irdneri,  were  obtained  from  the 

Jtates  Fish  Disease  Laboratory, 

West  Virginia.  One  group  was 

1  at  15®,  the  other  at  5®,  using  an 
:ean  Aquarium  System.  The  tern- 
were  maintained  ±  2®.  The  length 
acclimation  was  3  weeks  for  both 

tion  of  G3PDH  was  carried  out 
to  the  method  of  Cori  et  al.  (5)  as 
in  our  laboratory  by  Wolfe  (11). 
15°  (warm  enzyme)  and  5°  (cold 
j3PDH  were  isolated  at  5^  Crys- 
PDH  which  gave  a  single  protein 
rylamide  electrophoresis  were  ob- 
e  crystals  were  separated  from  the 
|uor  by  centrifugation  at  30 ,000  g, 
»olved  in  triethanolamine  buffer, 
rhe  protein  concentrations  were 
d  by  the  procedure  of  Lowry  (6) 
absorbance  at  260  and  280  nm. 
nes  were  stored  at  pH  8.4  at  5° 
ddition  of  dithiothreitol. 
male  New  Zealand  rabbits  were 
i  with  the  purified  enzymes,  using 
adjuvant  for  the  initial  injection 
jm  adjuvant  for  the  following  in- 
1  ml/mg  enzyme).  Intramuscular 
into  the  hindlimb  near  the  poplit- 
were  used.  Two  time  courses  of 


immunization  were  followed:  a  short-term 
(ST)  course  and  a  long-term  (LT)  course. 
The  short-term  course  consisted  of  an  initial 
injection  of  0.25  mg  of  enzyme,  an  injection 
of  0.50  mg  30  days  later,  and  three  injec- 
tions of  1 .00  mg  of  enzyme  4, 3,  and  4  days, 
respectively,  after  the  previous  injections, 
for  a  total  of  15  days  from  initial  to  final 
injection.  Five  days  after  the  last  injection, 
cardiac  punctures  of  20  ml  were  done  on 
each  rabbit  as  a  source  of  ST  serum  for 
further  tests.  Injections  were  resumed  2 
days  later  (the  rabbits  not  having  been  in- 
jected for  1  week)  and  succeeding  injections 
of  1 .0  mg  of  enzyme  once  per  week  contin- 
ued for  9  more  weeks  as  an  LT  course  of 
hyperimmunization.  The  rabbits  were  bled 
by  cardiac  puncture  5  days  after  the  last 
injection.  The  serum  was  separated,  divided 
into  1-ml  aliquots  and  frozen  at  -10°  until 
used.  Once  thawed,  serum  was  not  re- 
frozen  . 

G3PDH  was  assayed  by  measuring  the 
reduction  of  NAD  at  340  nm  using  G3P  and 
arsenate  as  substrates  in  pyrophosphate 
buffer  at  pH  8.4.  The  3-ml  cuvette  in  a 
Beckman,  DBG  recording  spectrophotome- 
ter was  used  and  the  reaction  initiated  by 
the  addition  of  2  /xg  of  enzyme.  The  reac- 
tion mixture  contained  40  mAf  triethanola- 
mine, pH  8.4,  17  mM  Na2HAs04,  1 .58  mM 
NAD,  and  G3P  from  18.3  to  300  /lAf . 

The  Km  and  Vj^x  were  determined  by 
least  Square  Regression  of  the  Lineweaver 
and  Burke  plots  of  the  data  using  computer 
programs  in  the  Computer  Center  Library. 

Results  and  discussion.  The  results  of  the 
immunological  tests  are  represented  in  Figs. 
1  and  2.  Interfacial  microprecipitin  tests  (7) 
performed  on  the  short-term  (ST)  antisera 
were  specific  for  each  enzyme,  5  and  15°, 
with  no  cross  section .  Precipitin  tests  on  the 
long-term  (LT)  antisera  showed  limited 
cross  reaction  with  both  enzymes.  Ouchter- 
lony  immuno-double  diffusion  studies  (7,  8) 
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Fig.  1.  Results  of  interfacial  microprecipitin  tests. 
G3PDH  15**.  enzyme  isolated  from  rainbow  trout  accli- 
mated to  15**  and  used  as  antigen;  ST,5«,  LTue,  STy, 
LTy,  short-term  and  long-term  antisera  to  15**  and  5**, 
respectively;  PBi^o,  PB^o,  sera  obtained  from  rabbits 
prior  to  immunization  with  enzyme  obtained  from  15 
and  5°  acclimated  rainbow  trout. 
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Fig.  2.  Results  of  interfacial  microprecipitin  tests. 
G3PDH  5°,  enzyme  isolated  from  rainbow  trout  accli- 
mated to  5°  and  used  as  antigen .  Other  descriptors  as  in 
Fig.  1. 

confirmed  these  results.  Reactions  of  iden- 
tity were  found  between  ST  and  LT  antisera 
to  cold  enzyme  when  reacted  with  the  cold 
enzyme,  and  also  between  ST  and  LT  anti- 
sera to  warm  enzyme  when  reacted  with  the 
warm  enzyme.  However,  reactions  of  noni- 
dentity  were  found  between  LT  antiserum 
to  warm  enzyme  and  LT  antiserum  to  cold 
enzyme  when  reacted  with  cold  enzyme,  as 
well  as  between  LT  antiserum  to  warm  en- 
zyme and  LT  antiserum  to  cold  enzyme 
when  reacted  with  the  warm  enzyme.  Thus, 
the  LT  antisera  did  cross  react,  but  were 
distinctly  different.  Since  antibody  produc- 
tion is  dependent  on  tertiary  conformation, 
it  appears  that  there  is  a  difference  in  the 


tertiary  structure  of  each  enzyme.  These  re- 
sults support  the  previous  reports  from  our 
laboratories  (4)  suggesting  an  in  vivo  change 
in  conformation  during  temperature  accli- 
mation. 

Polyacrylamide  gel  electrophoresis  of  the 
two  enzymes  gave  single  protein  bands  in 
each  case.  When  cochromatographed,  poly- 
acrylamide gel  electrophoresis  failed  to  sep- 
arate the  enzymes,  using  three  different  gel 
cross-linkages. 

The  kinetics  of  the  enzymes  in  the  pres- 
ence of  antisera  were  then  investigated.  As 
controls,  serum  of  the  rabbits,  prior  to  im- 
munization (PB),  and  serum  of  rabbits  not 
immunized  (NI)  were  incubated  with  the 
enzyme  for  5-min  before  assay.  No  measur- 
able effect  was  seen  on  the  kinetics  of  the 
reactions  when  reacted  with  either  control 
serum.  When  specific  antisera  were  incu- 
bated with  the  enzymes,  for  the  same  length 
of  time,  it  was  found  that  the  kinetics  of  the 
enzymes  were  markedly  affected.  A  Line- 
weaver-Burke  analysis  of  the  data  indicated 
an  irreversible  change  (Table  I  and  Figs.  3 
and  4). 

The  cold  enzyme,  when  reacted  with  PB 
or  NI  serum,  yielded  a  control  K„  of  116 
jxM  and  a  V^ax  of  0.238  /Limole/min/mg. 
When  reacted  with  ST  antiserum  to  cold 
enzyme,  the  K^  was  unchanged  by  V^ax  was 
reduced  to  0.066  /xmole/min/mg,  demon- 
strating marked  inhibition.  With  LT  anti- 

TABLE  I.  Reaction  Kineucs  of  G3PDH  as 

Affected  by  Antisera  to  "Acclimated" 

Enzymes.* 

Test  enzyme 


Warm  (IS**) 


Cold  (5") 


Antiserum  to 


K^ 


Control 
Warm  enzyme 

ST 
Warm  enzyme 

LT 
Cold     enzyme 

ST 
Cold    enzyme 

LT 


208 
208 

208 

208 

208 


3.4 
0.83 

0.84 

3.3 

2.5 


116 
116 

116 

116 

116 


0.238 
0.201 

0.192 

0.066 

0.078 


"  The  standard  deviation  of  the  calculated  values  are 
±  1 5%  of  the  above  value  taken  from  the  Linewcavcr- 
Burke  plots. 

*  K„  in  fiM. 


V'max  in  /xmole/min/mg. 
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cold  enzyme,  the  same  K^  and  a 
0.078  /xmol/min/mg  resulted.  While 
istically  different  from  each  other, 
>erimental  results  are  different  from 
(P  <  0.05).  Reaction  of  the  cold 
with  the  ST  antiserum  to  warm  en- 
elded  the  same  /C„  and  a  Vmax  oi 
imole/min/mg,  results  not  different 
e  control  assay.  However,  reaction 
I  LT  antiserum  to  warm  enzyme 
the  same  ^^  but  a  V^a,  Of  0.192 
ilin/mg,  indicating  only  limited  inhi- 
\  the  reaction  (not  statistically  signif- 

tatively,  similar  results  were  ob- 
'ith  the  assays  of  the  warm  enzyme, 
lis  enzyme  was  incubated  with  NI 
i  Kj^  of  208  ixM  and  a  V^^x  of  3.4 
nin/mg  were  obtained.  With  ST  an- 
te warm  enzyme,  the  same  Km,  but 
of  0.83  /xmole/min/mg  resulted, 
xating  significant  inhibition  (P  < 
Reaction  with  the  LT  antiserum  to 
DH  yielded  the  same  K^  and  a  V^ax 
Ltmole/min/mg.  Incubation  with  the 
erum  to  cold  enzyme  yielded  the 
,  and  a  V^ax  of  3.3  /xmole/min/mg, 
rent  from  controls.  However,  incu- 


les  /  min  /  mg 


1  10'^ 

(G3P)mM  " 

Lineweaver-Burke  analysis  of  control 
rtivity.  The  15°  enzyme  has  been  allowed  to 
ST  (D)  or  LT  (■)  antiserum  to  15°  G3PDH, 
3r  LT  (•)  antiserum  to  5°  G3PDH,  or  PB  or 
)  serum.  /C„  and  Vm^x  values  with  respect  to 

calculated  by  iterative  curve  fitting  using 
:ast  squares.  The  standard  deviation  of  the 
I  respect  to  the  calculated  lines  is  less  than 


V  (umoles  /  min  /  mg) 
40 


0  ?0 

TgTpTmm* 


40 


60 


Fig.  4.  Lineweaver-Burke  analysis  of  cold  accli- 
mated G3PDH  activity.  The  5°  enzyme  has  been  al- 
lowed to  react  with  ST  (O)  or  LT  (•)  antiserum  to  5' 
G3PDH,  or  ST  (D)  or  LT  (■)  antiserum  to  15* 
G3PDH,  or  PB  or  control  (A)  serum.  K^  and  V^^ 
values  with  respect  to  G3PDH  were  calculated  by  itera-^ 
tive  curve  fitting  using  weighted  least  squares.  The 
standard  deviation  of  the  points  with  reftpect  to  the 
calculated  lines  is  less  than  ±15%. 

bation  with  the  LT  antiserum  to  cold  en- 
zyme yielded  the  same  K^ ,  but  a  Vmax  of  2 .5 
/xmole/min/mg,  indicating  some  limited  de- 
gree of  inhibition. 

Each  antiserum  reacted  primarily  in  an 
irreversible  manner  with  its  specific  enzyme. 
The  degree  of  cross  reactivity  seen  with  the 
LT  antisera  indicates  that  the  structures  of 
the  enzymes  have  areas  of  similarity.  How- 
ever, the  kinetic  data  indicate  that  the  en- 
zymes are  quite  different  in  activity.  The 
values  obtained  for  the  K^  and  Vmax  of  each 
enzyme  are  in  agreement  with  those  of 
Wolfe  and  Gray  (4),  the  5°  enzyme  having  a 
greater  affinity  for  the  substrate,  but  a  lower 
^max  than  the  15°  enzyme.  The  subunits  of 
the  G3PDH  molecule  are  probably  identical 
in  composition  (9)  with  differing  in  vivo 
conformations  in  the  two  altered  environ- 
ments. Antibodies  formed  to  these  enzymes 
were  capable  of  distinguishing  them,  indi- 
cating such  a  structural  change.  These  alter- 
nate forms  of  the  enzyme  are  also  quite 
stable,  retaining  their  acquired  differences 
through  the  purification  process. 

It  would  seem  that  this  multimeric  en- 
zyme, composed  of  identical  subunits,  is  ca- 
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pable  of  achieving  different  conformations 
as  a  result  of  chronic  exposure  to  altered 
environmental  temperature.  This  could  re- 
sult in  changed  NAD^  binding  to  cause  the 
different  activities  observed.  Perhaps  the  ac- 
tual mechanism  of  the  altered  enzyme  con- 
formation is  dependent  upon  another  tem- 
perature-dependent metabolic  process,  e.g., 
one  leading  to  differences  in  in  vivo  salt 
concentrations  at  different  temperatures. 
Still,  our  data  do  not  rule  out  the  possibility 
that  the  subunits  of  the  acclimated  enzymes 
are  actually  different,  and  that  current 
methods  have  been  unsuccessful  in  distin- 
guishing them.  Such  changes  in  subunit 
structure  would  also  incite  different  anti- 
body production.  However,  the  fact  that 
long-term  antibodies  gave  some  cross  reac- 
tions in  vitro  indicates  that  the  subunit  dif- 
ferences may  be  quite  subtle.  One  might 
suggest  new  protein  synthesis  in  cold  accli- 
mation as  a  result  of  inducer-repressor 
mechanisms  with  temperature  change, 
where  a  gene  capable  of  producing  an  en- 
zyme with  but  slightly  different  subunit 
amino  acid  sequence,  becomes  turned  on  in 
the  cold.  Such  gene-related  changes  may  be 
mainly  the  result  of  changes  in  the  concen- 
tration of  cell  metabohtes  and  ions  previ- 
ously reported  (10,  11). 

Summary,  G3PDH  was  isolated  from 
rainbow  trout  acclimated  to  15  and  5®.  Anti- 
sera  to  each  of  the  enzymes  were  prepared 
in  rabbits.  Microprecipitin  tests  showed  that 
the  short-term  (ST)  antiserum  reacted  only 
with  its  specific  antigen.  However,  with  the 
long-term  (LT)  antisera,  there  was  some 
cross  reaction.  Ouchterlony  double  diffu- 
sion confirmed  these  results.  Kinetic  studies 


of  each  of  the  G3PDH  enzymes  in  the  pres- 
ence of  its  specific  antiserum  were  carried 
out.  Specific  ST  and  LT  antisera  signifi- 
cantly inhibited  the  activity  of  the  enzyme. 
No  significant  effect  was  seen  with  the  anti- 
sera to  the  noncomplementary  enzyme. 
Some  cross  reaction  was  seen  with  the  LT 
antisera  in  both  instances.  The  Line  weaver- 
Burke  analyses  demonstrated  no  change  in 
the  Km  while  the  V^ax  was  reduced,  indica- 
tive of  noncompetitive  inhibition  by  the  spe- 
cific antisera. 
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Failure  of  Intrahypothalamic  Implants  of  an  Estrogen  Antagonist, 
moxytriphetol  (MER-25),  to  Block  Neonatal  Androgen-Sterilization^  (39403) 
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wlogy  Division,  National  Cancer  Center  Research  Institute,  TsukijiS-chome,  Chuo-ku,  Tokyo  104,  Japan 


well  documented  that  androgen  ad- 
ation  to  neonatal  female  rats  evokes 
/  characterized  by  polyfollicular  ano- 
y  ovaries  and  persistent  vaginal  cor- 
on  (neonatal  androgenization;  1-4). 
ly,  several  workers  have  postulated 
5  conversion  of  androgen  to  estrogen 
erequisite  for  induction  of  neonatal 
enization  (5-10).  One  of  the  reports 
ting  this  postulation  is  that  subcuta- 
injection  of  an  estrogen  antagonist, 
►xytriphetol  (MER-25),  6  hr  prior  to 
Tone  propionate  (TP),  could  block 
enization  (8).   However,  Brown- 


and  that  of  TP  was  reduced  to  threshold 
level  for  induction  of  anovulatory  sterility, 
the  ineffectiveness  of  MER-25  on  neonatal 
androgenization  was  confirmed. 

Materials  and  methods.  Fifty-eight  female 
rats  of  the  Sprague-Dawley  strain  were  di- 
vided into  six  groups  at  4  days  of  age  (day  of 
birth  =  Day  1).  Group  I  received  a  subcuta- 
neous injection  of  0.02  ml  of  sesame  oil  at  5 
days  of  age  (8  rats);  group  II  received  a 
subcutaneous  injection  of  30  /xg  of  TP  at  5 
days  of  age  (5  rats);  group  III  received  bilat- 
eral implantation  of  intrahypothalamic  par- 
affin micropellets  (sham  operation)  at  4 


I.  Means  (±SE)  of  Day  of  Vaginal  Opening  (VO)  and  Onset  of  Persistent  Vaginal  Estrus 
AND    Inhdence   of    Steriuty    (IS)    in    Rats    Receiving    Intrahypothalamic    Implantation    of 
IN  Micropellets  with  or  without  MER-25  at  4  Days  of  Age  and  a  Subcutaneous  Injection  of 
terone  Propionate  (TP)  at  5  Days  of  Age. 


Intrahypo- 

Number 

Onset  of 

thalamic 

Subcutaneous 

of  treated 

VO                   PVE 

IS* 

implants 

injection 

rats 

S/F« 

(day)                 (day) 

(%) 

None 

Oil 

8 

F(8) 

41  ±  1 

0 

None 

30/xgTP 

5 

S(5) 

A\  ±2              74  ±  6 

100 

Sham 

Oil 

7 

F(7) 

40  ±  1 

0 

Sham 

30/xgTP 

12 

S(9) 

38  ±  1               71  ±  41 
38                        -      ) 

75 

F(3) 

MER-25 

Oil 

11 

F(ll) 

40  ±  1 

0 

MER-25 

BO^gTP 

15 

S(10) 

31  ±  2*'           59  ±  A*i 
37  ±  3                   -       > 

67 

F(5) 

sterile  and  F  = 

fertile  rats.  Number  of  animals  are 

indicated 

in  parentheses. 

No.  of  sterile  rats 
No.  of  treated  rats 

X  100%.\" 

Significantly  eariier  (P  <  0.05 »<  0.02,  respectively)  compared  with 

11)  reported  that  he  obtained  only  a 
)us  influence  of  the  estrogen  antago- 
induction  of  neonatal  androgeniza- 
he  present  author  has  also  failed  to 
\  a  blocking  effect  of  MER-25  on 
il  androgenization  (12).  In  the  pres- 
es  of  the  experiments,  although  the 
;  of  MER-25  per  pellet  was  increased 

sorted  partly  by  a  grant  from  Ministry  of 
id  Welfare  of  Japan. 


days  of  age  and  a  subcutaneous  oil  injection 
(7  rats);  group  IV  received  the  same  opera- 
tion as  group  III  (sham)  and  a  subcutaneous 
injection  of  30  /xg  of  TP  at  5  days  of  age  (12 
rats);  group  V  received  intrahypothalamic 
micropellets  of  MER-25-paraffin  mixture  at 
4  days  of  age  and  a  subcutaneous  oil  injec- 
tion at  5  days  of  age  (11  rats);  and  group  VI 
received  the  same  implants  as  group  V  but 
followed  by  a  subcutaneous  injection  of  30 
/xg  of  TP  at  5  days  of  age  (15  rats). 
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The  method  of  the  intracranial  implanta- 
tion of  paraffin  pellets  was  a  slight  modifica- 
tion of  the  technique  explained  previously 
(12).  The  MER-25-paraffin  mixture  was 
tamped  into  stainless  steel  tubings  (22 
gauge,  0.4-mm  i.d.)  which  contained  a  pre- 
cut  loading  stylet.  Weights  of  11  control 
pellets  were  measured  by  an  ultramicrobal- 
ance  (Mettler  ME  22)  to  the  nearest  0.1  /xg 
and  the  average  weight  (±SE)  was  84.7  ± 
1.8  fig.  Since  MER-25  was  mixed  with  par- 
affin in  50%  by  weight,  the  amount  of 
MER-25  per  pellet  averaged  42  fig.  The 
animals  were  weaned  at  22  days  of  age,  and 
daily  smears  were  recorded  following  the 
day  of  vaginal  opening.  To  examine  the 
ovarian  compensatory  hypertrophy  (OCH), 
right  ovaries  were  removed  at  90  days  of 
age,  the  remaining  left  ovaries  3  weeks  later 
regardless  of  the  day  of  sexual  cycle .  About 
4  weeks  after  the  last  ovariectomy  (around 
120  days  of  age),  the  animals  were  sacri- 
ficed and  the  presence  of  intrahypothalamic 
micropellets  was  determined  histologically. 
Ovaries  were  fixed  in  Bouin's  solution,  cut 
serially  in  paraffin,  and  stained  with  Dela- 
field's  hematoxylin  and  eosin.  Those  ani- 
mals having  polyfollicular  ovaries  without 
fresh  corpora  lutea  (CL)  were  determined 
sterile.  The  significance  of  differences  was 
tested  with  Student's/  test. 

Results.  The  injection  of  30  fig  of  TP  to  5- 
day-old  female  rats  seemed  a  threshold 
amount  of  the  steroid  for  induction  of  steril- 
ity, since  only  9  out  of  12  animals  (75%) 
that  received  the  sham-implantation  at  4 
days  of  age  and  a  subcutaneous  injection  of 
TP  at  5  days  of  age  (group  IV)  became 
sterile  by  90  days  of  age .  On  the  other  hand, 
TP  injection  of  5-day-old  rats  (group  II) 
invariably  induced  sterility.  Out  of  those  15 
animals  which  were  implanted  with  MER- 
25-paraffin  mixture  at  4  days  of  age  and 
given  a  subcutaneous  TP  injection  at  5  days 
of  age  (group  VI)  only  10  rats  (67%)  devel- 
oped sterility;  the  remaining  5  had  fresh  CL 
in  their  ovaries  (Table  I).  The  micropellets 
of  MER-25-paraffin  mixture  were  found  in 
suprachiasmatic  nucleus  (SC),  anterior  hy- 
pothalamic area  (AHA),  dorsomedial  hypo- 
thalamic nucleus  (DMH),  or  posterior  hy- 
pothalamic nucleus  (PH)  of  those  rats  which 
had  received  a  TP  injection  neonatally  and 
which  had  newly  formed  ovarian  CL  (Fig. 


lA,  shaded  circles).  Animals  in  which  the 
micropellets  were  located  in  SC,  paraventri- 
cular nucleus  (PVH),  DMH,  or  PH  in  those 
rats  which  were  given  a  TP  injection  neo- 
natally became  sterile  (Fig.  lA,  open  cir- 
cles). In  TP-injected  rats  which  received 
paraffin  pellets  without  MER-25 ,  and  which 
contained  fresh  ovarian  CL  at  autopsy,  the 
micropellets  were  located  in  DMH  or  PH. 
In  rats  which  were  sterile  at  autopsy  the 
pellets  were  located  in  POA,  AHA,  VMH. 
DMH,  or  PH  (Fig.  IB,  shaded  and  open 


Fig.  1 .  Schematic  parasagittal  drawings  of  the  hy- 
pothalamus showing  loci  of  paraffin  micropellets  con- 
taining MER-25  +  carbon  marker  (A)  or  marker  only 
(B,  sham  operation).  Those  animals  which  had  r^ 
ceived  a  subcutaneous  injection  of  30  /ig  of  TP  at  Day 
5  became  sterile  (open  circles)  or  fertile  (shaded  cir- 
cles), while  those  which  had  been  given  an  oil-vehicle 
injection  became  fertile  invariably  (shaded  squares). 
Abbreviations:  AC,  anterior  commissure;  AHA.  ante- 
rior hypothalamic  area;  ARC,  arcuate  nucleus;  DMH, 
dorsomedial  nucleus;  F,  fornix;  MM,  medial  mammil- 
lary  nucleus;  OC,  optic  chiasm;  POA,  preoptic  area: 
PH.  posterior  hypothalamus;  PVH,  paraventricular  nu- 
cleus; SC.  suprachiasmatic  nucleus;  THAL,  thalamus; 
VMH.  ventromedial  nucleus. 
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TABLE  II.  Means  (±SE)  of  Body  Weights  at  90  Days  of  Age,  Ovarian  Weights  and  Ovarian 
Compensatory  Hypertrophy  (OCH)  of  3- Weeks-Interval  in  the  Same  Rats  as  in  TABLE  I. 


Number  of  Body  weight 

rroup*  rats  S/F"  (g) 


Ovarian  weight  (mg) 


Right 


Left 


OCH* 

(%) 


I 

II 
III 
IV 

V 
VI 


8 

5 

7 

12 

11 
15 


F(8) 

S(5) 

F(7) 

S(9) 

F(3) 

F(ll) 

S(10) 

F(5) 


258  ±  10 
233  ±  12 
236  ±  13 
260  ±  7 

256 
255  ±  7 
253  ±  9 
262  ±  14 


38.7  ±  3.6 

21.7  ±  2.P 

34.4  ±  2.3 

22.8  ±  1.8' 
49.6 

39.2  ±  2.6 
21.8  ±  2.0' 

42.5  ±  7.5 


59.4  ±  4.3 

24.8  ±  1.7''' 

54.0  ±  3.6 

29.1  ±  1.5''* 
61.5 

60.9  ±  4.1 

32.2  ±  3.6''* 
43.6  ±  5.0 


56  ±  6 
16  ±5*** 

57  ±  6 
31  ±  7* 

19 
57  ±  6 
53  ±  13 
21  ±  29 


•  See  Table  I. 

*  r%nu  -  ^^  ovarian  weight 


right  ovarian  weight 


Right  ovarian  weight 
spective  controls  (groups  I,  III,  and  V,  P  <  0.02. 


X   100%. 


and 


Significantly  smaller  than 


0.01,  and  <  0.001,  respectively). 


rcles,  respectively).  No  significant  correla- 
on  seemed  to  be  present  between  localiza- 
on  of  intrahypothalamic  micropellets  and 
erility. 

The  days  of  vaginal  opening  (VO)  and 
nset  of  persistent  vaginal  estrus  (PVE)  of 
lose  rats  which  had  received  MER-25  and 
P  were  significantly  earlier  than  in  those  of 
tiam-operated,  TP-injected  rats  (Table  I). 
)varian  weights  of  the  sterile  rats  from 
roups  II,  IV,  and  VI  were  also  significantly 
mailer  than  those  of  respective  controls 
/hich  had  received  oil  injection  (groups  I, 
II,  and  V,  respectively).  OCH  of  sterile 
ats  of  groups  II  and  IV  was  significantly 
mailer  than  those  of  respective  controls 
groups  I  and  III,  respectively;  Table  II). 

Discussion.  As  stated  in  the  previous  re- 
port, intrahypothalamic  pellets  with  MER- 
5  (around  5  /xg/pellet)  implanted  bilat- 
rally  in  the  5-day-old  females  which  imme- 
liately  received  subcutaneous  injection  of 
0  fjLg  of  TP  failed  to  block  sterilizing  effect 
if  the  androgen  (12).  The  ineffectiveness  of 
<iER-25in  the  previous  experiment  (12) 
ould  be  attributed  to  the  fact  that  the 
mount  of  MER-25  was  too  small  to  block 
he  overthreshold  amount  of  TP  (i.e.,  50 
ig)  given  immediately  after  operation. 
lowever,  it  is  shown  in  the  present  experi- 
lent  that  a  larger  amount  of  MER-25  (42 
Lg/pellet  on  an  average)  also  failed  to  block 
ie  sterilizing  effect  of  a  smaller  amount  of 
T  (30  fjLg)  which  was  given  24  hr  after  the 
itrahypothalamic  operation.  The  fact  that 

out  of  those  15  animals  which  had  been 
iven  MER-25  and  TP  (group  VI)  had  fresh 
!L  in  their  ovaries  as  adults  may  be  attribut- 


able not  to  the  blocking  influence  of  the 
antiestrogen  on  androgen-sterilization  but 
to  the  threshold  amount  of  TP  applied  to 
induce  sterility,  since  3  out  of  those  12  rats 
which  had  received  sham-operation  and  TP- 
injection  (group  IV)  also  had  fresh  CL.  It  is 
concluded,  therefore,  that  the  interpreta- 
tion of  androgen  sterilization  as  an  exclu- 
sively estrogen  function  must  be  accepted 
with  some  reservation. 

Summary.  The  influence  of  an  estrogen 
antagonist,  MER-25,  on  androgen  steriliza- 
tion was  examined.  Micropellets  of  MER- 
25-paraffin  mixture,  containing  42  fig  of  the 
antiestrogen  per  pellet  on  an  average,  were 
implanted  bilaterally  into  the  hypothalamus 
of  4-day-old  female  rats  which  received  a 
subcutaneous  injection  of  30  jxg  of  TP  at  5 
days  of  age.  The  amount  of  TP  was,  there- 
fore, considered  a  threshold  level  for  sterili- 
zation. In  MER-25  implanted,  TP-injected 
females,  10  out  of  15  showed  sterility,  and 
the  remaining  5  had  fresh  CL  in  their  ova- 
ries. No  significant  block  by  the  antiestro- 
gen of  androgen-sterilization  was  detected. 
The  previous  interpretation  of  androgen- 
sterilization  as  an  exclusively  estrogen  func- 
tion must  be,  therefore,  accepted  with  some 
reservation. 


MER-25  was  generously  supplied  by  Merrell-Na- 
tional  Laboratories,  Cincinnati,  Ohio. 

1 .  Barradough,  C.  A.,  and  Gorski,  R.  A.,  Endocri- 
nology 68,  68  (1961). 

2.  Takewaki,  K.,  Expcrientia  18,  1  (1962). 

3.  Gorski.  R.  A.,  in  "Frontiers  in  Neuroendocrinol- 
ogy,  1971"  (L.  Martini  and  W.  F.  Gacioa^.eds.\. 


392 


NEONATAL   ANDROGENIZATION    AND    MER-25 


p.  237.  Oxford  University  Press,  New  York 
(1971). 

4.  Arai,  \.,  in  "Neuroendocrine  Control"  (K.  Yagi 
and  S.  Yoshida,  eds.),  p.  27.  University  of  Tokyo 
Press,  Tokyo  (1973). 

5.  Naftolin,  F.,  Ryan,  K.  J.,  and  Petro,  Z.,  J.  Clin. 
Endocr.  33,  368  (1971). 

6.  Naftolin,  F.,  Ryan,  K.  J.,  and  Petro,  Z.,  Endocri- 
nology 90,  285  (1972). 

7.  McDonald,  P.  G.,  and  Doughty,  C,  J.  Reprod. 
Fert.  30,  55  (1972). 


8.  McDonald,  P.  G.,  and  Doughty,  C,  J.  Endoa 
55,  455  (1972). 

9.  McDonald,  P.  G.,  and  Doughty,  C,  Neuroendo- 
crinology  13,  182  (1973). 

10.  Weisz,  J.,  and  Gibbs,  C,  Endocrinology  94,  616 
(1974). 

11.  Brown-Grant,  K.,  J.  Endocr.  62,  683  (1974). 

12.  Hayashi,  S.,  Endocr.  Japon.  21,  453  (1974). 

Received  January  30,  1976.  P.S.E.B.M.  1976,  Vol. 
152. 


NGS  or  THE  SOaElY  POI  EXrEUMENTAL  UOLOOY  AND  MEDICINE  1S2,  393-397    (1976) 


Kidney  Response  to  Cold  Stress  and  High  Protein  Intake^-  ^  (39404) 

GEORGE  J.  KLAIN  and  JOHN  P.  HANNON 

Departments  of  Nutrition  and  Comparative  Medicine,  Letterman  Army  Institute  of  Research, 
Presidio  of  San  Francisco,  California  94129 


>stantial  increases  in  kidney  size  have 
observed  in  animals  exposed  to  cold 
I  or  fed  diets  containing  high  levels  of 
in  (3-5).  In  fact,  this  effect  of  cold  and 
ppears  to  be  additive  as  evidenced  by 
larkedly  greater  kidney  enlargement 
in  cold-exposed  rats  receiving  a  high 
in  diet  as  compared  to  those  fed  a  high 
hydrate  diet  (6).  Whether  achieved  by 
»r  environmental  temperature,  the  size 
ise  is  the  result  of  actual  tissue 
h.  Biochemically,  such  growth  is  evi- 
d  by  a  normal  tissue  protein  content 
vhile  histologically,  it  is  evidenced  by 
plasia  and  hypertrophy  of  the  glomer- 
ibules,  and  interstitial  cells  (7,8).  Fre- 
ely, the  cold-induced  or  diet-induced 
jement  of  the  kidney  represents  a  com- 
tory  response  to  an  added  functional 
In  the  case  of  high  protein  diets,  and 
bly  in  the  case  of  cold  exposure  where 
iloric  intake  can  be  increased  twofold 
this  added  functional  load  may  be 
d  by  an  increased  metabolic  turnover 
rogen  in  the  body.  Indeed,  when  ani- 
ire  fed  high  protein  diets,  without  cold 
ure,  increases  in  the  activities  of  renal 
les  mediating  the  catabolism  of  amino 
e.g.,  glutamic  dehydrogenase  (4),  and 
\  nitrogen,  e.g.,  arginase  (3),  have 
reported.  Such  animals  also  exhibit  an 
se  in  the  rate  of  renal  gluconeogenesis 
amino  acid  precursors  (10).  In  con- 
the  activities  of  renal  glutamic-pyruvic 

e  opinions  or  assertions  contained  herein  are  the 
views  of  the  authors  and  are  not  to  be  construed 
iai  or  as  reflecting  the  views  of  the  Department 
\rmy  or  the  Department  of  Defense. 
:onducting  the  research  described  in  this  report, 
rstigators  adhered  to  the  "Guide  for  Laboratory 
Facilities  and  Care/'  as  promulgated  by  the 
ttee  on  the  Guide  for  Laboratory  Animal  Facili- 
I  Care  of  the  Institutes  of  Laboratory  Animal 
:es.  National  Academy  of  Sciences-National 
:h  Council. 


and  glutamic-oxalacetic  transaminase  are 
essentially  normal  in  rats  fed  high  protein 
diets  (11).  With  cold  exposure  alone,  slight 
increases  in  the  activities  of  renal  xanthine 
oxidase  (12)  and  arginase  (13)  have  been 
reported,  as  have  increases  in  DNA  content 
(1)  and  gluconeogenic  capacity  (9).  As  in 
the  case  of  high  protein  diets,  cold  exposure 
alone  does  not  affect  renal  glutamic-oxala- 
cetic transaminase  activity  (1).  These  obser- 
vations indicate  that  high  protein  intake  or 
cold  stress  produce  adaptive  changes  in  sev- 
eral synthetic  and  degradative  metabolic 
pathways  of  the  kidney.  Concomitant  ef- 
fects of  cold  stress  and  high  protein  intake 
on  the  activity  of  specific  gluconeogenic  and 
urea  cycle  enzymes  associated  with  such 
pathways  remain  to  be  determined.  Accord- 
ingly, the  present  study  was  directed  at  this 
problem. 

Methods.  Forty  male  Holtzman  rats 
weighing  from  280-300  g  were  used  in  this 
study.  They  were  individually  housed  at  25° 
and  fed  a  control,  high  carbohydrate  diet  for 
10  days  prior  to  experimentation.  The  diet 
contained,  by  weight,  the  following  compo- 
nents: casein,  20%;  sucrose,  73%;  com  oil, 
3%;  mineral  mix,  4%;  and  a  complete  vi- 
tamin supplement.  Following  this  dietary 
adjustment  period,  the  rats  were  divided 
into  two  treatment  groups  of  20  animals 
each.  One  group  remained  at  25°  and  the 
second  group  was  placed  in  a  cold  room  held 
at  5°.  Ten  animals  in  each  group  were  con- 
tinued on  the  control,  high  carbohydrate 
diet  while  the  remaining  animals  were  given 
a  high  protein  diet.  The  latter  contained  by 
weight:  casein,  85%;  sucrose,  8%;  plus  the 
remaining  ingredients  at  the  levels  described 
in  the  control  diet.  Food  as  well  as  water 
were  available  ad  libitum.  Food  intake  and 
change  in  body  weight  were  recorded  daily. 
Both  the  feeding  and  cold  exposure  periods 
were  of  10  days'  duration. 

Thereafter,  the  animals  were  sacrificed. 
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the  kidneys  were  removed,  chilled  in  ice- 
cold  saline,  and  weighed.  One  kidney  from 
each  animal  was  dried  in  a  vacuum  oven  at 
65°  for  24  hr.  The  dried  material  was  ana- 
lyzed for  total  lipids  with  continuous  (8  hr) 
ethyl  ether  extraction,  and  for  total  nitrogen 
by  the  micro-Kjeldahl  procedure  (14).  The 
second  kidney  was  used  for  preparation  of 
tissue  homogenates  and  for  enzyme  assays 
according  to  the  following  methods:  glu- 
cose-6-phosphatase  (GPase),  the  method  of 
Cori  and  Cori  (15);  fructose- 1 ,6-diphospha- 
tase  (FDPase),  the  method  of  Racker  (16); 
phosphoenolpyruvate  carboxykinase  (PE- 
Pase),  the  method  of  Nordlie  and  Lardy 
(17)  and  Shrago  and  Lardy  (18);  glutamic- 
oxalacetic  transaminase  (GOT),  the  method 
of  La  Due  et  al.  (19);  glutamic-pyruvic 
transaminase  (GPT),  the  method  of  Wrob- 
lewski  and  La  Due  (20);  tryrosine  alpha 
ketoglutaric  transaminase  (TGT),  the 
method  of  Diamondstone  (21);  glutamic  de- 
hydrogenase (GDH),  the  method  of  Werge- 
dal  and  Harper  (4);  arginase  and  arginine 
synthetase,  the  method  of  Brown  and 
Cohen  (22)  and  ornithine  transcarbamylase. 


the  method  of  Schimke  (23).  Since  there 
were  substantial  differences  in  the  final 
body  weights  and  the  size  of  the  kidneys 
among  the  treatment  groups,  enzymatic  ac- 
tivity was  expressed  as  micromoles  of  prod- 
uct per  minute  per  organ  per  100  g  body 
weight,  as  this  method  best  expresses  the 
total  metabolic  requirement  of  the  kidney 
(5).  All  data  were  statistically  evaluated 
with  analyses  of  variance  and  significant  F 
ratios  were  further  evaluated  with  the  Tu- 
key  multiple  range  test.  Differences  be- 
tween means  at  the  0.05  level  of  probability 
were  considered  significant. 

Results.  As  indicated  in  Table  I,  the  cold- 
exposed  animals  lost  body  weight,  the  loss 
being  significantly  more  pronounced  in  the 
group  fed  the  high  protein  diet  than  in  the 
group  fed  the  control  diet.  In  addition,  the 
animals  fed  the  high  protein  diet  at  20** 
gained  less  weight  than  the  corresponding 
control  group.  Cold-exposed  animals  con- 
sumed more  food  than  the  corresponding 
animals  at  20**.  However,  food  intake  of  the 
high  protein  group  was  lower  than  that  of 
the  control  group  at  both  5  and  20**. 


TABLE  I.  Effect  of  Cold  Stress  and  High  Protein  Diet 

ON  Several  Kidney  Components  and  Enzyme 

AcnvinES  Temperature 

AND  Diet. 

2a 

i 

5 

;o 

Control 

Protein 

Control 

Protein 

Av  change  in  BW/day,  g 

3.5  ±  0.28- 

2.1  ± 

0.19*^ 

-3.3  ±   0.20* 

-5.6 

±0.3^ 

Av  food  intake/day,  g 

17.6  ±  1.6 

13.1  ± 

1.9'- 

25.5  ±  1.3- 

19.5 

±  i.r- 

Kidneys/ pair,  g 

2.04  ±  0.02 

2.46  ± 

o.os*- 

2.23  ±  0.13" 

2.94 

±0.0^* 

Moisture,  % 

77.71  ±  0.14 

77.34  ± 

0.12 

77.81  ±  0.10 

77.90 

±  0.15 

Nitrogen,  %  wet  wt 

2.58  ±  0.10 

2.52  ± 

0.09 

2.60  ±  0.08 

2.53 

±  0.12 

Lipids,  %  wet  wt 

2.93  ±  0.11 

2.85  ± 

0.12 

2.89  ±  0.14 

2.97 

±  0.22 

Enzyme  activity* 

Glucose-6-phosphatase 

9.39  ±  0.69 

19.26  ± 

1.02'- 

9.72  ±  0.89 

30.16 

±  \.%y* 

Fructose- 1 ,6-diphosphatase 

2.47  ±  0.29 

4.47  ± 

0.36' 

2.50  ±  0.18 

7.50 

±  0.49*^ 

Phosphoenolpyruvate  car- 

1.72 ±  0.09 

2.92  ± 

0.30*^ 

1.78  ±0.12 

4.51 

±  0.28^ 

boxykinase 

Glutamic-oxaiacetic   trans- 

18.77 ±  1.29 

22.29  ± 

1.43 

19.89  ±  1.83 

37.85 

±2.19*^ 

aminase 

Glutamic-pyruvic  transami- 

0.49 ±  0.09 

0.52  ± 

0.03 

0.48  ±  0.04 

2.51 

±0.12*^ 

nase 
Tyrosine-a-ketoglutaric 

0.92  ±  0.21 

0.88  ± 

0.24 

0.91  ±  0.19 

0.96 

±  0.17 

transaminase 

Glutamic  dehydrogenase 

15.16  ±  0.96 

27.59  ± 

1.38^- 

14.54  ±  1.13 

38.89 

±  1.28^ 

Arginine  synthetase 

0.14  ±  0.02 

0.27  ± 

0.03'* 

0.12  ±  0.03 

0.31 

±o.oy 

Ornithine  transcarbamylase 

0.28  ±  0.05 

0.65  ± 

0.04^ 

0.25  ±  0.04 

0.73 

±  0.08^ 

Arginase 

9.43  ±  1.13 

19.74  ± 

1.83*^ 

11.29  ±  0.93 

20.75 

±  1.90*^ 

"  Mean  ±  SE  from  10  rats. 

*  Micromoles/min/lOO  g  BW  (P  !S  0.05). 

*■  Indicates  significant  (P  <  0.05)  difference  from  controls,  same  temperature. 

**  Indicates  significant  (P  <  0.05)  difference  from  20°,  same  diet. 
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pared  to  the  controls,  high  protein 
caused  an  enlargement  of  the  kid- 
le  increase  being  significantly  more 
need  at  5°  than  at  20**.  Neither  diet 
i  stress  had  any  effect  on  the  mois- 
^id,  or  nitrogen  content  of  the  kid- 

)th  environmental  temperatures,  the 
es  of  GPase,  FDPase,  PEPase, 
and  of  the  three  urea  cycle  enzymes 
tihanced  by  the  high  protein  diet, 
rmore,  the  activities  of  GPase, 
;,  PEPase,  and  GDH  were  signifi- 
ligher  when  the  high  protein  diet  was 
5®  as  compared  to  20°.  In  addition, 
1  protein  diet  stimulated  the  activity 
r  and  GPT  only  when  fed  at  5^ 

cold  nor  high  protein  intake  af- 
the  activity  of  TGT.  Cold  had  no 
n  enzymatic  activity  in  animals  fed 
trol  diet. 

ssion.  Initial  stages  of  cold  exposure 
)ciated  with  a  stimulation  of  shiver- 
mogenesis  which  may  be  largely  de- 
:  on  glucose  as  an  energy  source, 
this  period,  a  marked  enhancement 
tic  gluconeogenesis  takes  place,  ap- 
f  in  response  to  an  increased  energy 

of  the  cold  environment  (9).  The 
data  demonstrate  that,  in  addition 
ver,  the  kidney  is  an  effective  gluco- 
c  organ  in  the  cold  environment 
etary  protein  is  the  major  source  of 
In  many  respects,  gluconeogenic  re- 

of  the  kidney  and  the  liver  to  the 
)tein  intake  are  similar.  The  activi- 
the  urea  cycle  enzymes  increase  in 
jans  (24,  25)  as  do  the  activities  of 
FDPase,  and  GDH  (4,  25).  In  con- 

the  liver,  renal  GOT,  GPT,  and 
)  not  respond  to  high  protein  diets 
id  in  the  warm  environment  (25). 
r,  as  the  present  data  indicate,  the 
of  GOT  and  GPT  is  stimulated  in 
I  environment.  These  findings  sug- 
t  aspartic  acid,  alanine,  and  tyrosine 
significant  precursors  of  renal  glu- 
he  warm  environment.  This  sugges- 
upported  by  a  report  showing  that 
Joes  not  stimulate  the  rate  of  gluco- 
sis  in  perfused  kidney  (26).  The 
data,  however,  also  suggest  that  as- 
id  and  alanine  have  significant  roles 


in  the  renal  synthesis  of  glucose  in  animals 
subjected  to  cold  stress  and  when  limited  to 
low  carbohydrate  intake.  These  findings 
would  further  imply  that  the  enhanced  activ- 
ities of  GOT  and  GPT  observed  under  cold 
stress  represent  the  maximal  rate  of  gluco- 
neogenic processes  since  the  two  enzymes 
were  stimulated  by  dietary  and  environmen- 
tal conditions  which  impose  an  apparent, 
maximal  demand  for  glucose.  In  general,  it 
appears  that  enhanced  gluconeogenesis  in 
cold-exposed  animals  fed  high  protein  diets 
is  substrate-induced,  as  a  result  of  increased 
intake  and  catabolism  of  dietary  protein, 
and  not  induced  by  cold  per  se. 

Other  factors  which  influence  or  control 
renal  gluconeogenic  capacity  remain  to  be 
clarified.  It  would  appear  likely  that  in- 
creases in  adrenocortical  and  thyroid  activ- 
ity observed  during  the  initial  stages  of  ad- 
aptation to  cold  stress  (27)  are  responsible, 
at  least  in  part,  for  enhancing  the  activities 
of  renal  gluconeogenic  enzymes.  Specific 
enzymes  which  respond  to  such  hormonal 
stimuli  include  GPase  (28),  PEPase  (29), 
GPT  and  GOT  (30),  and  FDPase  (31).  A 
recent  report  indicating  an  increase  in  the 
renal  GOT  only  when  high  protein  intake 
was  combined  with  the  administration  of 
hydrocortisone  (25)  gives  credence  to  such  a 
conclusion. 

The  present  data  demonstrate,  as  have 
the  data  of  many  others  (32-34),  that  cold- 
exposed  animals  increase  their  food  intake 
to  compensate  for  heat  loss  to  the  environ- 
ment. However,  animals  fed  the  high  pro- 
tein diet  ate  less  than  those  fed  the  control 
diet;  consequently,  the  loss  in  body  weight 
was  more  severe.  Apparently,  cold  stress 
failed  to  overcome  the  hypophagia  associ- 
ated with  the  intake  of  high  protein  diets. 
This  observation  confirms  and  extends  the 
conclusion  of  Beaton  (34)  who  reported 
that  rats  exposed  to  cold  for  8  days  and  fed  a 
40%  casein  diet  ate  less  than  rats  receiving  a 
diet  containing  5  or  20%  casein. 

Metabolic  events  related  to  adaptation  to 
high  protein  diets  are  not  thoroughly  under- 
stood; however,  prominent  among  these  are 
depression  of  food  intake  and  body  weight 
gain,  hypertrophy  of  the  kidney  and  the 
liver,  alterations  in  the  activity  of  several 
enzyme  systems  participating  in  the  catabo- 
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lism  of  amino  acids,  and  changes  in  the 
profile  of  plasma-free  amino  acids  (5).  In 
general,  such  metabolic  events  seem  to  be 
related  to  the  animal's  capacity  to  dispose  of 
a  large  influx  of  amino  acids  resulting  from 
ingestion  of  excess  protein.  If  the  influx  ex- 
ceeds the  oxidative  capacity  for  specific 
amino  acids,  the  tissues  may  be  presented 
with  an  imbalanced  amino  acid  mixture 
which  would  adversely  affect  the  food  in- 
take and  the  synthesis  of  new  proteins.  In 
this  respect,  previous  data  from  several  lab- 
oratories show  that  cold-exposed  rats  read- 
ily consume  diets  having  a  moderately  im- 
balanced pattern  of  amino  acids  (35-37). 
However,  when  the  imbalance  was  made 
more  severe  food  intake  was  depressed  to 
the  level  observed  in  a  warm  environment 
(38).  Such  data  also  show  that  cold-exposed 
animals  oxidize  the  excess  amino  acids  more 
rapidly  than  normothermic  rats  at  20**  (39). 
The  foregoing  observations  suggest  that  rats 
maintained  on  a  high  protein  diet  do  not 
have  the  capacity  to  degrade  excess  amino 
acids  at  a  rate  that  would  have  allowed  an 
increase  in  food  intake  commensurate  with 
the  elevated  energy  demands  of  a  cold  envi- 
ronment. 

Summary,  Compared  to  rats  fed  a  high 
sugar  diet,  consumption  of  a  high  protein 
diet  caused  an  enlargement  of  the  kidneys, 
the  increase  being  more  pronounced  at  5® 
than  at  20**.  High  protein  intake  enhanced 
activities  of  renal  glucose-6-phosphatase, 
fructose- 1 ,6-diphosphatase ,  phosphoenol- 
pyruvate  carboxykinase,  glutamic  dehydro- 
genase, and  of  the  urea  cycle  enzymes. 
However,  the  activities  of  the  gluconeogenic 
enzymes  were  higher  at  5°  than  at  20°.  In 
contrast,  enzymatic  activity  was  not  changed 
in  cold-exposed  animals  fed  the  high  sugar 
diet.  Since  cold  exposure  stimulates  food 
intake,  it  appears  that  enhanced  renal  gluco- 
neogenesis  observed  in  this  study  is  sub- 
strate-induced rather  than  induced  by  cold 
per  se. 
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Reduced  Blood  and  Marrow  Neutrophils  and  Granulocytic  Colony-Forming  Cells  in 
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The  Sl/Sl**  mouse  is  anemic  (1),  has  re- 
duced numbers  of  megakaryocytes  but  nor- 
mal levels  of  blood  platelets  (2),  and  its 
defective  hematopoiesis  is  thought  to  be  due 
to  a  defect  in  the  hematopoietic  microenvi- 
ronment.  This  latter  conclusion  is  based  on 
a  series  of  observations.  The  animal  will  not 
support  growth  of  normal  sized  spleen  colo- 
nies on  its  own  spleen  (3),  but  if  intact 
littermate  spleens  are  transplanted  in  Sl/Sl** 
they  will  support  normal  colony  growth  (4). 
Transplantation  of  intact  littermate  spleens 
improves  the  anemia  (5)  but  intravenous 
injection  of  spleen  or  marrow  cells  does  not 
(3).  Marrow  or  spleen  cells  from  Sl/Sl**  grow 
normally  when  injected  into  irradiated  lit- 
termates  or  syngeneic  W/W^  (3).  These 
studies  thus  suggest  that  its  hematopoietic 
stem  cells  are  normal,  that  levels  of  **poie- 
tins"  are  adequate  and  by  default  implicate 
the  poorly  defined  microenvironment.  The 
reduction  of  megakaryocytes  (1)  indicates 
the  defect  is  not  confined  to  erythropoiesis 
and  suggests  that  feed-out  from  the  pluripo- 
tent  stem  cell  compartment  might  be  re- 
duced. If  so,  then  reduced  neutrophils  and 
neutrophil  precursors  should  also  be  pres- 
ent. In  this  study  we  measured  blood  and 
marrow  neutrophils  and  neutrophil  precur- 
sors, number  of  marrow  cells  forming  gran- 
ulocytic colonies  in  semisolid  culture,  mar- 
row growth  in  liquid  culture,  and  production 
of  colony-stimulating  activity  from  macro- 
phages. 

Materials  and  methods.  All  methods  used 
have  been  reported  in  detail  and  will  only  be 
summarized. 

Mice  were  purchased  from  Jackson  Labo- 
ratories, Bar  Harbor,  Maine.  Mice  of  var- 

'  Supported  by  Grant  No.  AM  14352  from  the  Na- 
tional Institute  of  Arthritis  and  Metabolic  Diseases. 
No.  CA  16227  from  the  National  Cancer  Institute.  No. 
DT3E  from  the  American  Cancer  Society,  and  a 
Scholar  Grant  (S.  S.  Boggs)  from  the  Leukemia  Society 
of  America,  Inc. 


ious  ages  were  used,  but  in  each  experiment 
Sl/Sl**  and  the  normal  littermates  (+/+) 
were  matched  for  age .  Blood  was  obtained 
by  puncturing  the  lateral  orbital  sinus  with  a 
microhematocrit  tube  containing  heparin. 
Duplicate  total  leukocyte  counts  were  done 
electronically  and  200  cell  differential 
counts  were  done  on  Wright's  stained 
smears  (6).  Nucleated  cells  were  washed 
from  both  humeri,  duplicate  counts  were 
done  electronically,  and  results  were  ex- 
pressed as  the  mean  value  from  both  humeri 
(6).  The  method  removes  more  than  90%  of 
nucleated  cells  and  is  reasonably  precise  in 
that  counts  rarely  vary  by  more  than  10% 
between  the  humeri  of  the  same  mouse.  An 
aliquot  of  the  marrow  suspension  is  passed 
through  a  millipore  filter  (pore  size  45  /xm), 
cells  on  the  filter  stained  for  peroxidase  and 
the  j)ercentage  j)eroxidase  positive  cells  de- 
termined by  counting  500  cells. 

For  semisolid  culture,  10*  nucleated  celb 
from  a  femur  are  added  to  1  ml  of  methyl 
cellulose,  CMRL  culture  media,  horse  se- 
rum, and  colony-stimulating  activity  from  L 
cells,  and  the  mixture  was  added  to  a  petri 
dish  (7).  Dishes  are  incubated  at  37**  in 
humidified  10%  COj  and  colonies  (more 
than  50  cells)  counted  after  4  and  7  days. 
Liquid  cultures  in  test  tubes,  12  x  75-mni 
polyethylene  (Falcon  plastics),  were  set  up 
in  the  same  media  but  without  methyl  cellu- 
lose (8).  One  culture  tube  from  each  mouse 
was  sacrificed  at  2,  4,  6,  and  8  days  of 
culture  and  total  cells  were  determined  elec- 
tronically. 

Results.  Twelve-week-old  SI/SI**  mice 
were  compared  with  littermate  controls  (+/ 
-f )  with  respect  to  blood  and  marrow  (Table 
I).  Moderate  anemia  was  present  in  SllSf 
with  hematocrit  values  averaging  65%  of 
those  of  the  -I-/-I-.  Total  leukocyte  count  on 
the  first  tube  of  blood  drawn  from  the  or- 
bital sinus  did  not  differ  between  the  two 
groups.  However,  the  {percentage  of  neutro- 
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TABLE  L  Granulocytopoiesis  in  Sl/Sl**  Mice  and  Their  Littermate  Controls 


Mice* 

Sl/SI^                        +/+ 

(Mean  ±  SE) 

P  values 

veight  (g) 

21  ±  1                    22  ±  1 

NS 

itocrit  (%) 

31  ±  1                    48  ±  1 

<0.01 

jcytes  (thousands/mm*) 

4.1  ±  0.2               4.3  ±  0.2 

NS 

ophils  (thousands/mm^) 

0.8  ±  0.1                1.4  ±0.2 

<0.05 

(humerus) 

nucleated  cells  (millions) 

5.7  ±  0.4                9.6  ±  0.4 

<0.01 

idase  positive  (%) 

19  ±2                    35  ±4 

<0.05 

peroxidase  positive 

1.2  ±0.1                3.5  ±0.5 

<0.01 

lies/ 10*  nucleated  cells 

105  ±8                  114  ±  12 

NS 

colony- forming  cells/humerus  (millions) 

0.06  ±  0.01            0.12  ±  0.02 

<0.01 

mice  per  group.  ••  From  Student*s  /  test;  NS  indicates  nonsignificant  or  P  of  greater  than  0.05. 


vas  only  1 9%  in  Sl/Sl**  as  compared  to 
n  -f /-f ,  so  the  total  neutrophil  concen- 
1  in  Sl/Sr*  was  reduced  to  57%  of  that 
I-  (Table  I).  The  total  number  of  lym- 
tes  per  cubic  millimeter  was  slightly 
in  Sl/Sl^  than  in  -I-/-I-,  but  the  differ- 
^as  not  statistically  significant.  Leuko- 
lounts  and  neutrophil  concentration 
ilso  determined  on  the  seventh  tube  of 
drawn  from  the  orbital  sinus.  Total 
;  were  significantly  less  in  SI/SP  than 
f  (1900  ±  100  vs  2600  ±  200)  and 
was  an  even  greater  reduction  in  neu- 
Is  than  in  the  first  tube  (Sl/SP  reduced 
?)  of  -I-/+ ,  as  compared  to  57%  in  first 
ounts). 

a!  nucleated  cells  per  humerus  were 
lA  to  59%  of  control  in  Sl/SP  (Table 
le  j)ercentage  of  peroxidase  positive 
vhich  correlates  well  with  the  percent- 
neutrophils  and  neutrophil  precursors 
d  in  Wright's  stained  smears  (6),  was 
educed  to  54%  of  controls.  Conse- 
y,  a  profound  reduction  (34%  of  con- 
as  present  in  total  peroxidase  positive 
^r  humerus  (Table  I).  The  proportion 
rrow  cells  forming  colonies  in  semi- 
nedia  was  quite  similar  in  Sl/Sl*^  and 
However,  as  a  result  of  the  decrease 
I  cells  per  humerus,  the  total  number 
3ny-forming  cells  was  decreased  sig- 
itly  in  Sl/Sr*  (Table  I), 
studies  were  repeated  in  8-week-old 
and  all  of  the  above  differences  be- 
SI/SP  and  littermates  were  confirmed 
s  not  shown). 
3ny  size  was  estimated  on  Day  4  and 


Day  7  with  the  observer  being  unaware  of 
whether  the  plate  contained  marrow  from 
SI/SP  or  from  +/-I-.  Colonies  were  esti- 
mated as  containing  50-100,  100-500, 
500-1000,  or  greater  than  1000  cells.  Clus- 
ters (20-50  cells)  were  also  scored.  No  sig- 
nificant difference  in  colony  size  was  dis- 
cerned between  Sl/SP  and  +/+ .  For  exam- 
ple, 32%  of  all  colonies  and  clusters  were 
estimated  to  contain  more  than  100  cells  in 
Sl/Sl^  as  compared  to  31%  in  -I-/-I-. 

In  order  to  further  study  growth  rate  of 
cells,  which  colony  size  presumably  reflects, 
studies  were  done  in  liquid  culture  so  that 
accurate  cell  counts  could  be  done.  One- 
hundred-fifty-thousand  nucleated  marrow 
cells  from  each  of  4  Sl/Sl^  and  -I-/+  were 
cultured.  At  2,  4,  and  6  days  nucleated  cells 
were  148,000,  182,000,  and  235,000  in  +/ 
-f  and  152,000,  180,000,  and  232,000  in 
Sl/SP  cultures.  In  a  repeat  study,  carried  to 
8  days,  again  no  significant  difference  was 
observed  between  the  number  of  cells  in 
cultures  from  +/+  or  Sl/Sl^. 

Colonies  were  removed  from  plates  with  a 
Pasteur  pipet  and  smeared  on  glass  cover- 
slips  and  stained.  Smears  were  also  made 
from  liquid  cultures.  At  4  days  most  cells 
appeared  to  be  neutrophil  precursors  and  by 
7-8  days  almost  all  appeared  to  be  macro- 
phages. There  was  no  evident  difference  in 
morphologic  appearance  of  cells  between 
cultures  of  Sl/Sl^  and  -^-l-^-  marrow. 

Peritoneal  macrophages  of  SI/SI**  were  as 
efficient  as  those  from  ■\-l-\-  when  used  as  a 
source  of  colony-stimulating  activity  (Table 
II).  Addition  of  peritoneal  cells  in  excess  q||| 


400 


GRANULOCYTES   OF   SL/SL^    MICE 


the  number  needed  to  produce  maximal  col- 
ony stimulation  failed  to  yield  any  sugges- 
tion of  production  of  an  inhibitor  by  the  SI/ 
SP  (Table  II).  The  marrow  used  in  the  sec- 
ond experiment  shown  in  Table  II  was  from 
32-week-old  mice  and  unlike  the  previously 
noted  studies  with  8-  and  12-week-old  ani- 
mals there  was  a  significant  (P  <  0.01) 
reduction  in  the  concentration  of  colony 
forming  cells  in  Sl/Sl**  marrow  whether  stim- 
ulated with  -f /-h  or  Sl/Sl**  feeder  layers  or 
with  conditioned  media  from  L  cells. 

Discussion,  Reduced  numbers  of  neutro- 
phils are  present  in  blood  and  marrow  of  SI/ 
SI**  as  compared  to  -f /-h  littermate  controls. 
This  is  not  unexpected  since,  in  addition  to 
anemia,  the  number  of  megakaryocytes  is 
reduced  in  this  mouse  (2).  Thus,  three  ma- 
jor cell  lines  are  affected  by  the  defect.  This 
suggests  that  the  primary  problem  may  re- 
side at  the  level  of  the  pluripotent  stem  cell. 
If  so,  the  defect  could  reflect  a  reduced  stem 
cell  compartment  size  (reduced  rate  of  self- 
replication)  or  defective  induction  of  differ- 
entiation from  the  compartment.  As  dis- 
cussed in  the  introduction,  the  Sl/Sl^  defect 
appears  to  reside  in  the  hematopoietic  mi- 
croenvironment  rather  than  being  an  intrin- 
sic defect  of  the  stem  cell.  The  W/W^ 
mouse,  which  does  have  defective  stem  cells 
(10),  also  has  reduced  marrow  neutrophils 


(11)  and  megakaryocytes  (11,  12)  in  addi- 
tion to  being  anemic. 

The  hematopoietic  microenvironment  is 
poorly  understood  (13).  It  is  not  clear 
whether  the  marrow  (and  to  a  lesser  degree 
the  spleen)  of  mice  contains  some  ''posi- 
tive" factor  necessary  for  hematopoietic 
growth  which  is  missing  in  other  organs, 
whether  the  physical  structure  of  the  mar- 
row is  the  key  factor  or  whether  other  or- 
gans contain  a  "negative"  environment. 

Hormonal  deficit(s)  probably  cannot  be 
implicated  since  apparently  normal  hemato- 
poiesis  takes  place  in  -I-/-I-  marrow  or  spleen 
implanted  in  SI/SI**  (5,  14).  Erythropoietin 
levels  appear  to  be  at  least  appropriate  to 
the  degree  of  anemia  (15).  Production  of 
colony-stimulating  activity  from  SI/SI**  peri- 
toneal cells  was  normal  in  our  study  as  it  was 
from  bone  marrow  cells  in  preliminary  re- 
ports from  other  laboratories  (16,  17). 

The  cell-forming  colonies  of  neutrophils 
and  monocytes  in  semisolid  culture  is 
thought  to  be  a  more  differentiated  cell  than 
the  pluripotent  stem  cell.  Whether  it  is  a 
true  stem  cell,  i.e.,  capable  of  extensive  self- 
replication,  remains  to  be  proven  unequiv- 
ocally. This  cell  is  often  referred  to  as  a 
CFUc  (colony-forming  unit  in  culture)  while 
the  pluripotent  cell  is  termed  a  CPUs  (col- 
ony-forming unit  in  spleen  of  irradiated 


TABLE  II.  Ability  of  Macrophages  from  +/+  and  SI/SI**  to  Stimulate  Colony  Formahon  from  +/+ 

AND  Sl/Sl**  Marrow. 

Target  marrow 
(10*  marrow  ccDs) 


Experi- 
ment 
number 


H/+ 


SI/SI^ 


Source  of  colony-stimulating  activity 


Number  colonies/plate 

(Mean  ±  SE) 

39  ±  4 

_ 

32  ±  3 

- 

(5  X  lO^ceUs) 

95  ±  4 

68  ±3 

(5  X  lO^ceUs) 

92  ±  6 

72  ±6 

(10«ceUs) 

96  ±  7 

71  ±2 

(10«ceUs) 

91  ±  5 

67  ±  10 

104  ±  4 

69  ±  2 

Conditioned  media  from  +/+• 
Conditioned  media  from  Sl/Sl" 
Feeder  layer  of  peritoneal  cells  from  +/+•• 
Feeder  layer  of  peritoneal  cells  from  SI/SI** 
Feeder  layer  of  peritoneal  cells  from  +/+ 
Feeder  layer  of  peritoneal  cells  from  Sl/Sl** 
L-Cell-conditioned  media* *• 


•  Peritoneal  macrophages  were  collected  by  placing  a  1-cm*  of  cellulose  acetate  in  the  peritoneum  for  1  week. 
Such  membranes  are  covered  with  a  uniform  monolayer  (9).  Macrophage  monolayers  were  incubated  for  1  week 
in  CMRL  tissue  culture  media  and  the  supernate  harvested  and  used  as  a  CSA  source.  Four  membranes  from  four 
mice  in  each  group  were  studied. 

**  The  peritoneal  cavity  of  freshly  killed,  untreated  mice  was  lavaged  with  CMRL  media.  Approximately  60^ 
of  the  harvested  cells  appeared  to  be  macrophages  and  the  remainder  appeared  lymphoid.  Peritoneal  cells  from 
three  mice  in  each  group  were  studied. 

•••  Used  at  maximal  stimulation  level. 


GRANULOCYTES    OF   SL/SL**    MICE 


401 


The  best  evidence  that  the  CFUc 
from  the  CPUs  is  found  in  studies  of 
W^  mouse.  CPUs  is  clearly  defective, 
W^  marrow  contains  a  normal  con- 
ion  of  CFUc  (18).  The  total  number 
Jc  is  reduced  because  of  the  total 
*  of  nucleated  cells  is  reduced  (10), 
ly  grow  colonies  of  normal  size  in 
8;  and  unpublished  studies  from  our 
ory). 

concentration  of  CPUc  in  marrow 
rmal  in  Sl/Sl^  aged  8  and  12  weeks, 
lificantly  less  than  that  of  controls  in 
)up  of  32-week-old  mice.  However, 
le  total  number  of  nucleated  cells  in 
f  was  reduced  in  the  Sl/SP,  total 
)er  humerus  were  reduced  in  all  age 
studied,  in  basic  agreement  with  pre- 
y  reports  from  other  laboratories 
).  McCulloch  et  al.  (18)  found  the 
ration  of  CPUc  in  spleens  of  Sl/SP 
duced  in  three  of  four  studies.  Suth- 
Till,  and  McCulloch  (19)  studied  the 
repopulation  of  the  marrow  and 
rf  irradiated  Sl/Sl**  recipients  of  -f/-f 
as  compared  to  -I-/-I-  recipients.  The 
repopulation  of  CPUc  was  sugges- 
jduced  and  peroxidase-positive  cells 
ly  reduced  in  Sl/Sl^  marrow  and  both 
;re  even  more  profoundly  reduced  in 
The  reduction  in  CPUc  certainly  is 
Droportionate  to  the  overall  reduc- 
neutrophils  and  is  compatible  with 
XX  primarily  affecting  rate  of  feedout 
from  the  CPUs  compartment.  The 
ration  of  CPUs  in  Sl/Sl**  marrow  is 
I  (3,  22)  as  it  is  in  the  spleen  (21). 
hy  found  that  the  total  number  of 
1  femur,  spleen,  and  blood  was  also 
I  (22).  CPUs  also  are  decreased  in 
IX  of  Sl/Sl^  (23).  Therefore,  reduced 
from  the  compartment  could  simply 
xpression  of  reduced  compartment 
alternatively,  there  could  be  a  defect 
)f  initiating  differentiation, 
ormal  growth  of  cells  in  semisolid  or 
jltures  is  what  would  be  anticipated 
of  apparently  normal  growth  of  SI/ 
in  irradiated  normal  littermates  (3, 

ugh  megakaryocytes  are  reduced  in 

,  platelet  counts  are  normal  in  Sl/Sl** 

W/W^   (12).  The  normal  platelet 


count  probably  reflects  increased  platelet 
production  per  megakaryocyte  (2,  11,  24). 
The  W/W^'  usually  maintains  normal  blood 
neutrophil  levels  despite  a  50%  reduction  in 
marrow  neutrophils  and  neutrophil  precur- 
sors (11).  Since  the  Sl/SP  had  a  more  severe 
reduction  in  marrow  neutrophils  than  the 
W/W^,  it  is  not  surprising  that  they  were 
neutropenic.  Sl/Sl**  also  are  more  anemic 
and  more  radiosensitive  than  W/W^'  (5),  so 
it  seems  probable  the  stem  cell  compart- 
ment is  more  severely  compromized  by  the 
Sl/Sl^  defect. 

As  judged  by  response  to  epinephrine, 
patients  with  neutropenia  have  a  greater 
proportion  of  cells  in  the  marginal  blood 
pool  than  in  the  freely  circulating  pool  (25). 
The  mouse  has  no  change  in  leukocytes 
after  epinephrine  injection  (unpublished  ob- 
servations), but  an  assessment  of  the  size  of 
marginal  and  circulating  pools  can  be  ob- 
tained from  the  ratio  of  neutrophil  counts  in 
the  first  and  seventh  tube  of  blood  obtained 
from  the  orbital  sinus  (6).  The  first  tube  of 
blood  from  the  orbital  sinus  as  well  as  the 
first  drop  from  a  tail  vein  or  the  first  sample 
from  the  vena  cava  have  significantly  higher 
leukocyte  concentrations  than  does  the 
aorta  of  the  mouse  (6).  As  repeated  tubes 
are  drawn  from  the  orbital  sinus,  leukocyte 
concentration  declines  and  by  the  seventh 
tube  approximates  counts  from  the  aorta. 
The  most  reasonable  explanation  seems  to 
be  that  the  marginal  as  well  as  the  circulat- 
ing pool  is  represented  in  the  first  tube  while 
the  aorta  represents  only  the  circulating 
pool.  Thus,  the  ratio  of  first  to  seventh  tube 
counts  provides  an  estimate  of  the  relative 
size  of  the  marginal  and  circulating  pools.  In 
■^1-^  this  ratio  was  60%  while  in  Sl/Sl**  it  was 
45% .  This  suggests  that  the  circulating  pool 
was  reduced  to  a  greater  degree  than  the 
marginal  pool  in  Sl/Sl^  animals. 

Summary.  The  Sl/Sl^  mouse  has  been 
shown  to  have  anemia  and  reduced  mega- 
karyocytes, but  neutrophil  levels  in  blood 
and  marrow  have  not  been  studied  previ- 
ously to  our  knowledge.  It  proved  to  be 
neutropenic  with  reduced  neutrophils  and 
neutrophil  precursors  in  marrow.  The  con- 
centration of  marrow  cells  forming  granu- 
locytic colonies  in  semisolid  media  was  nor- 
mal in  young  mice,  but  the  total  number  per 
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humerus  was  reduced.  In  vitro  growth  ap- 
peared normal  in  both  semisolid  and  liquid 
culture,  and  peritoneal  cells  produced  col- 
ony-stimulating activity  normally.  These  re- 
sults are  compatible  with  previous  studies 
indicating  the  Sl/Sl**  defect  lies  in  the  hema- 
topoietic microenvironment  rather  than 
being  a  primary  cellular  defect,  and  suggest 
feedout  from  the  pluripotent  stem  cell  com- 
partment may  be  reduced. 
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mice  develop  spontaneously  lym- 
:  leukemia  and  have  served  as 
for  study  of  murine  leukemia  virus 
Llthough  the  virus  is  present  in  the 
>efore  birth,  disease  is  not  manifest 

mice  are  at  least  6  months  old  (4, 
nning  at  that  age,  frank  lymphoid 
s  develop  in  most  parenchymal  or- 
ten  with  a  thymoma  and  marked 
ytosis  (1-5). 

mmunopathologic  mechanism  re- 
^  for  this  latent  period  is  largely 
1  but  several  key  observations  have 
ascribed.  Thymectomy  before  8 
f  life  markedly  reduced  the  inci- 
•  leukemia  (1,  6).  Leukemogenesis 
ccelerated  in  these  thymectomized 

with  the  typical  latency  period,  by 
nation  of  young  thymic  grafts  (6). 
er,  young  thymectomized  mice 
ited  with  a  6-7  month  syngeneic 
raft  develop  leukemia  without  a  la- 
riod.  In  addition,  the  incidence  of 
I  is  reduced  in  AKR-C3H  chimeras 
se  observations  have  led  investiga- 
•opose  that  the  latency  period  is  due 
esence  of  thymic  regulatory  or  sup- 
:ell  activity  in  young  mice  (7,  8). 

herein  investigated  the  role  of  the 
and  its  relation  to  the  age  of  the 
n  the  development  of  leukemia  in 
ce.  In  addition,  we  have  tested  the 
;is  that  thymic  derived  cells,  capa- 
ihibiting  neoplastic  transformation 
;ression,  are  present  in  young  mice 
ost  with  age  by  repetitive  transplan- 

either  young  (1  month)  or  old  (6 
hymic  grafts. 
als  and  methods.   Mice.   AKR/J 


)r  to  whom  reprint  requests  should  be  ad- 
's 171,  University  of  California  at  Davis, 
if.  95616. 


mice  were  obtained  from  Jackson  Laborato- 
ries, Bar  Harbor,  Maine.  Mice  were  housed 
10  per  cage  and  fed  standard  lab  chow  and 
water  ad  libitum.  Other  strains  of  mice  used 
in  this  experiment:  A/LN,  BALB/C,  NZB, 
and  DBA/2  were  obtained  from  the  Rodent 
and  Rabbit  Production  Unit,  National  Insti- 
tutes of  Health,  Bethesda,  Md.  Only  male 
mice  were  used  in  this  study. 

Survival  studies.  Two-month-old  AKR 
mice  were  randomly  divided  into  two 
groups.  One  (consisting  of  25  mice)  was 
grafted  with  a  1-month-old  AKR  thymus 
every  fortnight.  The  second  (20  mice)  was 
untreated  and  served  as  a  control  group. 

Additional  2-month-old  AKR  mice  were 
divided  into  three  groups:  (i)  Thirty  mice 
were  thymectomized  and  10  days  later  given 
a  6-month  AKR  thymus  graft,  (ii)  Thirty 
mice  were  sham-thymectomized  and  10 
days  later  given  a  6-month  AKR  thymus 
graft,  (iii)  Twenty-five  mice  were  sham-thy- 
mectomized and  not  grafted. 

Sixty-nine  6-month-old  AKR  mice  were 
ramdomized  into  three  groups  of  equal  size. 
The  first  group  was  untreated.  The  second 
received  repetitive  transplants  every  fort- 
night of  1-month-old  AKR  thymic  grafts.  A 
third  group  received  every  fortnight  thymic 
grafts  from  6-month-old  AKR  mice. 

Thymic  transplants.  Donor  mice  were  sac- 
rificed by  cervical  dislocation  and  thymec- 
tomy was  performec;!.  The  thymus  from  a  1- 
month  animal  was  divided  into  two  lobes  so 
that  each  recipient  received  one  lobe.  The 
thymus  from  6-month  animals  was  used  in- 
tact. In  all  cases  the  contiguous  lymph  nodes 
and  fatty  tissue  were  carefully  dissected 
from  thymic  graft  and  was  implanted  subcu- 
taneously  in  the  axilla  of  recipient  mice;  the 
wound  was  closed  with  a  stainless  steel  clip. 
Mice  receiving  rej)etitive  transplants  were 
grafted  initially  in  the  axilla  and  thence  sv\fe- 
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sequently  in  the  flanks  and  dorsum,  llie 
survival  of  the  transplants  were  confirmed 
by  palpation  of  the  graft  during  the  survival 
phase  and  by  histologic  examination  when 
moribund.  Additionally,  the  survival  of  the 
transplants  was  confirmed,  in  mice  sacri- 
ficed, for  mitogen  studies,  by  light  micros- 
copy with  further  identification  of  thymo- 
cytes using  anti-theta  sera  (9).  All  mice 
were  followed  for  survival  and  autopsied 
when  moribund.  Survival  data  between 
groups  was  prepared  using  the  Kolmogo- 
rov-Smirnov  nonparametric  test  (10). 

Transplantation  of  AKR  thymomas. 
Spontaneously  occurring  thymomas  were 
removed  at  autopsy  (j)erformed  on  mori- 
bund animals)  and  gently  minced  into  tissue 
fragments  2x2  mm  in  Hanks  Balanced  Salt 
Solution  (Grand  Island  Biologic  Co.,  Grand 
Island,  N.Y.).  The  fragments  were  placed 
subcutaneously  in  the  flank  of  groups  of 
eight  AKR  mice  of  each  of  the  following 
ages:  4,  8,  12,  20,  28,  and  36  weeks.  Addi- 
tional recipients  were  eight  8-week-old 
AKR  mice  thymectomized  2  weeks  earlier. 
The  size  of  the  graft  and  survival  of  recipi- 
ents was  followed  daily.  Similar  grafting  ex- 
periments were  performed  using  4-  and  24- 
week  NZB,  BALB/c,  DBA/2,  and  A/LN 
mice. 

Mitogen  studies.  Groups  (four  mice  j)er 
group)  of  6-month  and  10-month  AKR 
mice  repetitively  transplanted  from  8  weeks 
of  age  with  thymic  grafts  from  4-week-old 
AKR  mice  were  sacrificed  by  cervical  dislo- 
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Fig.  1 .  Percentage  survival  plotted  against  age  in 
untreated  control  mice  (D — D)  and  mice  transplanted 
every  fortnight  with  4-week  AKR  thymus  (O — O)  be- 
ginmng  at  age  8  weeks. 
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Fig.  2.  Percentage  survival  plotted  against  age  in 
(a)  mice  undergoing  sham  thymectomy  at  8  weeks  of 
age  (D — D);  (b)  mice  thymectomized  at  8  weeks  of  age 
transplanted  10  days  later  with  a  6-month  thymic  graft 
(A — A);  and  (c)  8-week-old  mice  undergoing  a  sham 
thymectomy  and  transplanted  10  days  later  with  a  6- 
month  thymic  graft  (O — O). 

cation.  Groups  (four  to  eight  mice  per 
group)  of  2-,  6-,  and  10-month-old  un- 
treated AKR  mice  served  as  controls.  The  i 
spleen,  mesenteric,  and  femoral  lymph 
nodes  were  removed  and  placed  in  RPMl 
1640  media  (Grand  Island  Biologic  Co.). 
Single-cell  suspensions  of  spleen  and  lymph 
nodes  were  prepared  by  passing  the  tissue 
through  sterile  22-gauge  nylon  mesh,  teas- 
ing the  resultant  fragments  and  shearing 
clumps  through  a  25-gauge  needle.  Viability 
was  confirmed  by  trypan  blue  exclusion. 
Each  animal  was  studied  individually.  The 
cell  suspensions  were  cultured  in  microtiter 
plates  as  previously  described  (11).  To  sex- 
tuplicate  cultures,  from  each  animal,  were 
added  100  /il  of  each  mitogen:  phytohemag- 
glutinin-P  (PHA-P),  0.1%  final  concentra- 
tion (Difco  Labs,  Detroit,  Mich.);  Concana- 
valin  A  (Con  A),  0.25  /xg/culture  (Calbi- 
ochem,  San  Diego,  Calif.);  Escherichia  call 
lipopoly saccharide  (LPS),  50  /Ltg/culture 
(Difco  Labs);  and  polyriboinosinic  acid,  po 
lyribocytidylic  acid  [poly(I)-poly(C))  50 
/ig/culture  (P-L  Biochemicals,  Milwaukee. 
Wis.);  or  RPMI  1640  alone.  Cultures  were 
incubated  for  72  hr  at  37*"  in  a  5%  carbon 
dioxide,  80%  oxygen,  15%  nitrogen-hu- 
midified atmosphere.  Eighteen  hours  before 
harvest,  each  received  1  /xCi  of  [methyl- 
3H]thymidine  (PHJTdr)  (1.9  Ci/mmole, 
Schwartz- Mann,  Orangeburg,  N.Y.)  in  20 
fi\  of  media.  Cultures  were  harvested  with 
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iG.  3.  Percentage  survival  plotted  against  age  in 
6-month,  unmanipulated,  AKR  mice  (D — D);  (b) 
onth  mice  grafted  every  fortnight  with  4-week  syn- 
dic thymus  (O — O);  (c)  6-month  mice  grafted  every 
light  with  6-month  thymus  (A — A). 

automated  multiple  sample  harvester. 
\esults.  There  was  no  evidence  to  suggest 
inherent  resistance  of  young  AKR  mice 
/oung  AKR  thymic  cells  to  development 
leukemia.  AKR  mice,  8  weeks  old  at 
iy  entrance,  repetitively  grafted  with  4- 
;k  grafts  had  identical  survival  to  un- 
ited controls  (Fig.  1).  Mortality  was  ac- 
:rated  by  grafting  8-week-old  AKR  mice 
li  6-month  syngenic  thymic  grafts  (Fig. 
However,  the  prevalance  of  leukemia 
i  similar  in  the  8-week-old  AKR  mice 
living  a  single  6-month  graft,  whether  or 
they  had  been  thymectomized  (Fig.  2). 
>etitive  grafting  of  4-week  thymic  tissue 
»  mice  6  months  of  age  at  study  entrance 
not  prolong  survival  (Fig.  3).  However, 
e  6  months  old  at  study  entrance,  receiv- 
rej)etitive  grafting  of  6-month  thymic 
lie,  developed  leukemia  earlier  (Fig.  3). 
\  50%  mortality  for  this  group  was  signif- 
itly  shorter  (P  <  0.01)  than  the  control 
lip. 

lie  AKR  (thy  1.1)  thymus  transplants 
aved  in  the  recipients.  This  was  con- 
led  by  palpation,  histology,  and  use  of 
-thy  1.1  sera.  The  growth  rate  and  sur- 
il  of  transplanted  thymomas  in  AKR 
e  was  unrelated  to  age  (Table  I).  As 
ht  be  exj)ected,  AKR  thymomas  do  not 
'ive  in  ^-C3H  (thy  1.2)  strains  of  mice 
:B,  BALB/c,  DBA/2,  or  A/LN).  It  is 
^worthy  that  no  growth  was  observed  in 
,N  mice  as  they,  unlike  the  other  strains, 
*  the  theta-AKR  (thy  1.1)  allele,  and 


thy  1.1  has  been  observed  on  AKR  lym- 
phoma cells  (12). 

There  was  progressive  loss  of  PHA-P  and 
Con-A  responsiveness  of  spleen  cells  as 
AKR  mice  aged  (Fig.  4).  A  lesser  relation  in 
responses  to  pokeweed  mitogen  and  LPS 
(Primarily  B  cell  mitogens)  was  observed 
with  age  (Fig.  4).  Lymph  node  cells  which 
respond  minimally  to  T  cell  mitogens  also 
showed  a  decrease  with  age  (Fig.  5). 

Discussion,  It  is  generally  accepted  that 
thymectomy  of  young  AKR  mice  markedly 
reduces  the  incidence  of  leukemia.  How- 
ever, several  critical  findings  have  suggested 
that,  in  addition  to  harboring  the  murine 
leukemia  virus,  the  AKR  thymus  may  play  a 
role  in  the  long  latency  period  before  dis- 
ease becomes  manifest  (7,8).  Treatment  of 
AKR  mice  with  antilymphocyte  serum  ac- 
celerated leukemogenesis  (13).  Further, 
leukemia  is  retarded  in  allogeneic  bone  mar- 
row chimeras  as  well  as  in  tetraparental 
ovum  fusion-derived  AKR  chimeras  (7,  8, 
14,  15). 

The  present  study  strongly  indicates  little 
or  no  significant  active  role  for  the  AKR 
thymus  in  retarding  leukemogenesis.  Subcu- 
taneous thymoma  grafts  of  AKR  origin 
grew  equally  well  in  AKR  recipients  of  all 
ages.  Further,  rej)etitive  transplantation  of 
young  syngeneic  thymic  tissue  into  8-week 
or  6-month  mice,  did  not  alter  survival.  In 


TABLE  I.  Response     to     Subcutaneous 
PLANT  OF  AKR  Thymoma." 


Trans- 


Recipients 

Age* 

Growtif 

Survival* 

AKR/J 

4 

15.9 

39.4 

AKR/J* 

8 

15.3 

35.7 

AKR/J 

8 

13.8 

41.2 

AKR/J 

12 

16.7 

36.8 

AKR/J 

20 

15.1 

44.2 

AKR/J 

28 

17.4 

32.1 

AKR/J 

36 

14.9 

27.4 

NZB 

4 

0 

>90 

NZB 

24 

0 

>90 

BALB/c 

4 

0 

>90 

BALB/c 

24 

0 

>90 

DBA/2 

4 

0 

>90 

DBA/2 

24 

0 

>90 

A/LN 

4 

0 

>90 

A/LN 

24 

0 

>90 

"  Groups  of  four  to  eight  mice. 

*  Age  in  weeks. 

''  Mean  time  in  days  to  reach  palpable  tumor  mass  of 
1  X  1  cm^ 
'^  Mean  survival  in  days.  ^^| 

•  Thymectomized  at  age  6- weeks. 
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Fig.  4.  Incorporation  of  [^HJthymidine  by  spleen  cells  from  AKR  mice  2,  6,  or  10  months  of  age. 
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Fig.  5.  Incorporation  of  ['H]thymidine  by  lymph  node  cells  from  AKR  mice  2,  6,  or  10  months  of  age. 


fact,  repetitive  grafting  of  6-month  thymus 
into  mice,  beginning  at  age  6  months,  accel- 
erated disease.  This  acceleration  of  leuke- 
mogenesis  may  be  secondary  to  the  larger 
potential  source  of  premalignant  (thymus) 
tissue.  These  results  are  consistent  with  ob- 
servations that  spontaneous  antilymphoma 
cytotoxic  reactions  of  preleukemic  AKR 
mice  are  not  T-cell  dependent  (16). 

Immunotherapy  of  leukemia  in  AKR 
mice  has  been  largely  disappointing.  Al- 
though antibody  to  virus  exists  it  occurs  pri- 
marily as  antigen-antibody  complex  (17, 
18).  Cell  mediated  immunity  to  virus  has 
not  been  demonstrated.  Interferon  adminis- 
tration retards  leukemogenesis  (19).  Simi- 
larly, pyran-2-succinic  anhydride-4,5-dicar- 
boxytetrahydro-6-methyl-anhydride   poly- 


mer (NSC-46015),  an  interferon  inducer, 
retards  disease  (13).  Finally,  lethal  irradia- 
tion of  leukemic  AKR  mice,  followed  by 
restoration  with  bone  marrow  cells  from 
germ-free  DBA  mice  prevents  leukemia 
(14).  The  present  study  militates  against  use 
of  syngeneic  tissue  transplants  and  in  favor 
of  further  understanding  the  host-viral  rela- 
tionship before  immunotherapeutic  manipu- 
lation. 

The  mitogen  studies  indicate  a  progres- 
sive loss  of  response  to  the  T  cell  stimulators 
Con-A  and  PHA-P.  This  is  similar  to  studies 
in  patients  with  chronic  lymphocytic  leuke- 
mia and  may  reflect  either  a  loss  of  T  celb 
or  a  dilution  of  T  cells  by  either  a  null  cell  or 
B  cell  population  (20-22).  It  is  of  particular 
interest  that  a  decrease  in  responsiveness  of 
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;pleen  and  lymph  node  cells  to  Con-A  and 
^HA-P  preceded  frank  leukemia.  Further, 
nice  receiving  thymic  grafts  had  identical 
nitogen  responsiveness  as  unmanipulated 
:ontrols.  Neoplastic  transformation  appears 
o  occur,  therefore,  more  as  a  consequence 
)f  the  virus  natural  history  than  of  the  im- 
nunologic  condition  of  the  AKR  host. 

Summary.  The  characteristic  latency  pe- 
iod  of  6  months  was  noted  for  the  develop- 
nent  of  leukemia  of  AKR  mice.  Growth  of 
ransplanted  syngeneic  thymomas  occurred 
,'qually  well  in  4-week-  as  28-week-old  re- 
ripient  AKR  mice.  Rej)etitive  grafting  of 
hymic  tissue  from  4-week  donors  into  AKR 
nice  8  weeks  or  6  months  old  at  initiation  of 
.tudy  failed  to  retard  leukemogenesis.  This 
esult  is  contrary  to  the  hypothesis  that  the 
atent  period  for  leukemia  in  AKR  mice  is 
)roduced  by  thymic  suppressor  cells  in 
'oung  AKR  mice.  Further,  transplantation 
)f  6-month  thymic  tissue  into  either  8-wcek 
)r  6-month  recipients  accelerated  disease. 
There  was  a  progressive  loss  of  responsive- 
less  to  phytohemagglutinin  and  concana- 
alin  A  in  AKR  mice  with  age.  The  respon- 
iveness  to  mitogens  during  frank  leukemia 
^as  similar  to  that  described  in  patients  with 
hronic  lymphocytic  leukemia. 
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Recently,  Livingston  and  co-workers  (1) 
described  the  isolation  of  an  organism  from 
urine  of  cancer  patients  which,  when  cul- 
tured in  vitro,  produced  a  substance  immu- 
nologically related  to  human  chorionic  go- 
nadotropin (HCG).  A  sample  of  this  .nate- 
rial  obtained  from  Dr.  Livingston  and  exam- 
ined immunologically  for  the  presence  of 
HCG  using  the  hemagglutination  inhibition 
technique  (2)  indeed  confirmed  the  obser- 
vations reported  by  them  and  persuaded  us 
to  proceed  further. 

We  requested  and  received  cultures  of  the 
organism  from  Dr.  Livingston,  and  we  our- 
selves were  able  to  isolate  an  organism, 
which  secreted  HCG-like  material,  from  the 
urine  of  a  terminal  colon  carcinoma  patient 
(A.  K.). 

The  following  report  presents  our  data 
confirming  the  provocative  findings  of  this 
group. 

Material  and  methods.  Culture  of  the  or- 
ganisms received  from  Dr.  Livingston,  as 
well  as  that  isolated  from  the  urine  of  A.  K., 
a  patient  terminal  with  colon  carcinoma, 
followed  the  procedure  of  Livingston  et  ai. 
(1 ).  Harvesting  of  the  fermentation  was  also 
according  to  these  workers.  Although  the 
organism  has  been  named  Progenitor  cryp- 
tocides  by  the  Livingston  group  no  such  clas- 
sification is  described  in  ''Bergey's  Man- 
ual." We  have  made  no  attempt  to  further 
classify  this  organism.* 

Solids  obtained  by  acetone  precipitation 
of  the  contents  of  the  fermentation  flasks 
were  extracted  with  0.1  Af  EDTA  (pH  6.8) 
and  centrifuged.  The  extracts  were  sub- 
jected to  immunological  assay  for  HCG  by 

'  Preliminary  attempts  at  identification  of  the  orga- 
nisms secreting  the  HCG-like  material  indicated  that 
the  culture  obtained  from  patient  A.  K.  was  a  gram- 
negative  rod.  Confirmation  by  fermentation  criteria 
indicated  the  organism  was  Escherichia  coli.  The  two 
cultures  obtained  from  Dr.  Livingston  were  both  gram- 
positive  cocci. 


the  following  procedures:  hemagglutination 
inhibition  (2);  radioimmunoassay  (RL\)  as 
described  by  Saxena  et  aL  (3)  using  purified 
HCG  labeled  with  V^  and  an  antibody 
raised  to  HCG  beta-subunit  and  absorbed 
with  the  alpha-subunit  of  HCG  in  order  to 
increase  specificity. 

The  extracts  were  also  examined  for  the 
presence  of  biologically  active  HCG  by  radi- 
oreceptor assay  (RRA)  (4)  using  highly  pur- 
ified HCG  labeled  with  V^  and  bovine  cor- 
pora lutea  membranes  isolated  by  the  proce- 
dure described  by  Saxena  and  co-workers 
(4).  The  effect  of  the  bacterial  ''HCG"  on 
mouse  Leydig  cell  preparations  was  estab- 
lished through  the  cooperation  of  Dr.  K. 
Sundaram  at  Rockefeller  University  (5). 

One  bacterial  extract  was  further  purified 
by  chromatography  on  Concavalin  A-sepha- 
rose  as  described  by  Dufau  et  aL  (6). 

To  compare  the  effect  of  proteolytic  en- 
zyme on  bacterial  *'HCG"  and  the  human 
hormone,  samples  of  each  were  incubated 
with  trypsin  (20  /xg  trypsin  per  LU.  HCG 
activity)  for  6  hr  at  37**,  pH  7.5  in  0.1  M 
phosphate  buffer.  Residual  hormone  activ- 
ity was  determined  by  RIA  as  described 
above. 

Results  and  discussion.  Figure  1  presents 
radioimmunoassay  data  comparing  highly 
purified  HCG  (NIH  reference  HCG)  with 
the  bacterial  "HCG-like  substance"  elabo- 
rated in  trypticase  soy  broth  by  cultures  of 
the  microorganism  furnished  by  Dr.  Living- 
ston. Parallelism  between  the  dose  response 
curves  for  this  isolate  and  pure  HCG  indic- 
tates  a  strong  immunological  relationship 
between  the  mammalian  hormone  and  the 
bacterial  substance,  particularly  since  the 
antibody  used  was  raised  by  immunization 
with  the  beta-subunit  of  HCG.  Extracts  of 
trypticase  soy  broth  cultures  of  Escherichia 
coli  and  Staphylococcus  aureus  did  not  con- 
tain a  similar  substance.  Additional  evi- 
dence for  the  similarity  between  HCG  and 
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the  bacterial  product  is  found  in  the  parallel- 
ism of  the  slopes  of  the  curves  obtained  in 
the  radioreceptor  assay  for  purified  HCG 
and  the  bacterial  substance  isolated  from 
cultures  of  the  organism  obtained  from  Dr. 
Livingston,  as  well  as  the  organism  isolated 
in  this  laboratory  from  the  urine  of  a  termi- 
nal carcinoma  patient  (Fig.  2).  Incubation 
of  isolated  mouse  Leydig  cells  with  the  bac- 
terial extracts  stimulated  production  of  tes- 
tosterone by  these  cell  preparations  offering 
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Fig.  1.  Radioimmunoassay  curves  comparing  the 
bacterial  extract  with  human  chorionic  gonadotropin. 
•  ,  HCG;  O,  bacterial  extract. 
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Fig.  4.  Radioreceptor  assay  comparison  of  puri- 
fied HCG  with  the  0.2  M  methyl-alpha-D-mannopyran- 
oside  eluate,  of  the  bacterial  extract  chromatographed 

on  concanavalin  A-Sepharose  column.  ,  HCG; 

,  bacterial  extract. 
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Fig.  2.  Radioreceptor  assay  curves  comparing  pur- 
ified HCG  with  bacterial  extract.  •.  HCG;  O,  A, 
bacterial  extracts. 


further  indication  of  biological  activity 
(Fig.  3). 

These  parameters  (i.e.,  immunological 
and  biological)  characteristic  of  different 
conformational  areas  of  the  protein  mole- 
cule present  strongly  convincing  evidence 
for  the  similarity  between  the  bacterial  ma- 
terial and  HCG. 

Treatment  of  bacterial  HCG  with  trypsin 
destroyed  38%  of  the  activity  as  measure**^ 
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Fig.  5.  Radioimmunoassay  comparison  of  purified 
HCG  with  the  0.2  M  methyl-alpha-D-mannopyranoside 
eluate,  of  the  bacterial  extract  chromatographed  on 
concanavalin  A-Sephadex  column. ,  bacterial  ex- 
tract;   ,  HCG. 

by  RIA,  a  phenomenon  also  noted  with  pur- 
ified HCG,  and  is  indicative  of  the  protein 
nature  of  the  material.  The  probability  that 
this  substance  is  a  glycoprotein  is  manifest  in 
its  adsorption  onto  Concanavalin  A-Sepha- 
rose  columns  (Figs.  4,  5)  from  which  75% 
of  the  adsorbed  bacterial  extract  could  be 
eluted  only  with  0.2  Af  methyl  alpha- D-man- 
nopyranoside . 

It  should  be  pointed  out  that  although  the 
organism  isolated  from  urine  of  patient  A. 
K.  elaborated  HCG-like  material  when  cul- 
tured, we  were  unable  to  demonstrate  HCG 
in  this  urine  by  either  RRA  or  RIA.  It  is 
also  important  to  note  that  the  amount  of 
**HCG-like  material"  synthesized  in  culture 
is  quite  small  and  unpredictable,  even  when 
the  same  organism  is  employed.  However, 
development  of  optimum  culture  conditions 
may  remedy  these  difficulties  and  j)ermit 
further  work  toward  isolation,  purification, 
and  characterization  of  this  substance. 

We  believe  that  the  Livingston  findings 
(1)  are  the  first  indication  of  the  possible 


synthesis  of  a  mammalian  protein  hormone 
by  a  microbial  organism  and  imply  either 
exchange  of  genetic  material  or  the  presence 
in  microrganisms  of  genetic  material  capa- 
ble of  mediating  such  synthesis  under  partic- 
ular conditions.  However,  until  enough  ma- 
terial is  isolated  and  purified  to  enable  work 
on  structural  and  chemical  properties,  con- 
clusions of  strict  identity  should  be  with- 
held. 

Summary.  Our  data  tend  to  confirm  the 
observations  of  Livingston  ei  al.  (1)  that  a 
microorganism(s)  isolated  from  the  urine  of 
cancer  patients  is  capable  of  producing  a 
human  chorionic  gonadotrophinlike  sub- 
stance. Chromatographic  properties  as  well 
as  immunologic  and  receptor  assay  tech- 
niques offer  strong  evidence  for  this  similar- 
ity. 

We  are  indebted  to  Dr.  K.  Sundaram  for  his  exami- 
nation of  the  extracts  for  in  vitro  gonadotrophic  activ- 
ity, and  to  Drs.  M.  Goore  and  N.  Starkovsky  for  tbetr 
aid  in  performing  the  radioimmunoassay  and  radiore> 
ceptor  assay.  Also,  to  Dr.  Livingston  for  supplying  us 
with  cultures  of  the  organism  as  well  as  samples  of  her 
isolates. 
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;  continued  extensive  use  of  potent 
osteroids  necessitates  an  understand- 

the  mechanism  of  action  of  this  class 
igs.  Clinically,  some  of  the  side  effects 

are  the  result  of  altered  collagen  me- 
sm  are:  ecchymoses,  atrophy,  telan- 
sia,  and  stria.  While  there  have  been 
investigations  concerning  clinical  and 
^mical  parameters  of  glucocorticoid 
)y,  the  mechanism(s)  of  these  phe- 
na  to  date  remain  unclear.  Ragan  etal, 
tmonstrated  a  decrease  in  granuloma- 
issue  in  ear  wounds  of  rabbits  admi«is- 
cortisone  acetate.  Other  investigators 
demonstrated  antianabolic  effects  of 
:orticoids  on  collagen  metabolism  (2- 

lich  and  Hunt  (14)  reported  that  vi- 
A  overcame  the  inhibitory  effects  of 
)ne  on  tensile  strength  in  the  early 
of  healing.  These  workers  also  re- 
i  that  the  reduction  of  inflammatory 
ifiltration,  fibroplasia,  capillary  bud- 
and  deposition  of  collagen  fibers  fol- 
I  glucocorticoid  administration  is  re- 
1  by  concurrent  vitamin  A  therapy 
These  studies  suggested  that  vitamin 
ninistration  reversed  the  antianabolic 
;  of  glucocorticoids  on  collagen  syn- 

ninistration  of  glucocorticoids  to  rats 
.  in  a  decrease  of  prolyl  hydroxylase  in 
.1  tissues  and  in  sponge-induced  granu- 
)us  tissue  (16-18).  The  present  stud- 
is  investigation  was  supported  by  United  Public 
Service  Grants  No.  AM05586  and  No. 
16  from  the  National  Institute  of  Arthritis,  Me- 
1,  and  Digestive  Diseases, 
sent  address:  Department  of  Biochemistry, 
of  Medicine,  University  of  Vermont,  Buriing- 
.  05401.  Recipient  of  Research  Career  De- 
gnt  Award  No.  1  K04  AM  00120. 


ies  were  undertaken  to  determine  if  concur- 
rent vitamin  A  treatment  would  reverse  the 
effect  of  glucocorticoid  on  prolyl  hydroxyl- 
ase activity  in  granulomatous  tissue. 

Materials  and  methods,  4-pH]Proline  (15 
Ci/mmole)  and  2,3-pH]proline  (30  Ci/ 
mmole)  were  obtained  from  New  England 
Nuclear.  Polyvinyl  sponges  (3.8  x  1.5  cm) 
were  purchased  from  Scientific  Products. 
Triamcinolone  acetonide  (T.A.)  and  vi- 
tamin A  were  obtained  from  Squibb  &  Co. 
and  USV  Pharmaceuticals,  respectively.  Ea- 
gle's minimal  essential  medium  with  Hanks' 
balanced  salt  solution  (pH  7.4)  2  x  glucose 
and  2  x  NaHCOa  and  penicillin-streptomy- 
cin solution  were  obtained  from  Grand  Is- 
land Biologicals. 

Four-week-old  male  Sprague-Dawley 
rats  (100  g)  were  anesthetized  with  diethyl 
ether.  All  operations  were  carried  out  using 
sterile  technique.  A  sterilized  sponge  was 
implanted  in  the  dorsothoracic  region  using 
a  trocar  which  was  inserted  into  an  incision 
2  cm  above  the  tail.  The  trocar  was  removed 
and  the  wound  was  closed  with  stainless 
steel  autoclips.  Immediately  after  sponge 
implantation,  intraperitoneal  administration 
of  drugs  was  initiated.  Animals  received 
daily  injections  for  the  next  3  days.  Six  to 
eight  rats  per  group  were  treated  with  either 
0.2  ml  of  0.9%  (w/v)  saline,  T.A.  (20  mg/ 
kg),  vitamin  A  (150,000  I.U./kg)  or  T.A. 
plus  vitamin  A.  The  control  group  was  in- 
jected with  the  vehicle.  The  animals  were 
killed  on  Day  4,  and  the  tissue-covered 
sponges  were  dissected  free  from  the  sur- 
rounding tissues.  At  autopsy,  there  were  no 
visible  signs  of  infection  of  granulomatous 
tissue.  The  granulomatous  tissue  was 
stripped  away  from  the  sponge,  weighed, 
frozen  in  liquid  nitrogen,  pulverized,  and  a 
10%  (w/v)  tissue  homogenate  in  0.25  M 
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sucrose  was  prepared  using  the  polytron  ST 
system.  The  granuloma  represents  only  the 
tissue  surrounding  the  sponge.  The  16,000g 
supernatant  was  prepared  and  used  to  meas- 
ure enzyme  activity  by  a  modification  (18) 
of  the  method  of  Hutton  et  al.  (19).  An 
aliquot  of  the  original  homogenate  was  hy- 
drolyzed  in  6  N  HCl  and  assayed  for  hydrox- 
yproline  content  by  the  method  of  Stegeman 
and  Stalder  (20).  Total  protein  was  deter- 
mined by  the  method  of  Lowry  ei  al.  (21). 
Deoxyribonucleic  acid  content  was  quanti- 
fied by  the  method  of  Burton  (22).  Addi- 
tional aliquots  were  extracted  with  chloro- 
form-methanol  for  lipid  content  (23). 

The  rate  of  proteinaceous  hydroxyproline 
formation  in  granulomatous  tissue  was  de- 
termined by  a  modification  of  an  in  vitro 
tissue  mince  system  previously  described 
(24).  The  granulomatous  tissue  was  rinsed 
twice  in  minimum  essential  medium  (Eagle, 
F-12)  containing  10,000  units  of  penicillin 
and  10,000  fjLg  of  streptomycin.  Samples  of 

TABLE  1.  The  Dose  of  Vitamin  A  Required  to 

Reverse  the  Triamcinolone-Mediated  Decrease 

OF  Granuloma  Weight." 


Granuloma  weight 

Treatment 

(mg) 

Saline 

707  ±  66 

Vitamin  A  (50,000  I. U./kg) 

746  ±  14 

Vitamin  A  (150,000  I.U./kg) 

788  ±  88 

T.A. 

411  ±40* 

T.A.   +   vitamin  A  (50,000 

530  ±  55* 

I.U./kg) 

T.A.   +   vitamin  A  (150,000 

887  ±  143 

I.U./kg) 

°  The  values  represent  the  mean  ±  SE  of  four  to 
eight  samples.  Animals  were  cither  treated  with  saline, 
vitamin  A  at  the  doses  indicated,  triamcinolone  (T.A. 
20  mg/kg),  or  vitamin  A  plus  T.A.  for  four  daily  injec- 
tions. The  granulomatous  tissue  was  dissected  from  the 
animal  and  weighed  as  described  in  the  text. 

•  Significantly  different  from  control  at  P  <  0.05. 


granulomatous  tissue  from  the  animals  were 
incubated  in  10  ml  of  minimal  essential  m^ 
dium  which  was  made  0.28  mA/  with  sodium 
ascorbate.  2,3-PH]Proline  (500  /nCi)  were 
added  and  incubated  under  air  at  Sl^foidO 
min.  After  incubation  each  mixture  was  sep- 
arated from  the  media  by  filtering  through 
two  layers  of  cheesecloth.  The  tissue  was 
rinsed  twice  with  25  ml  of  10%  (w/v)  tri- 
chloroacetic acid  (TCA)  at  0-3**  and  homog- 
enized in  10%  (w/v)  TCA  with  a  Polytron- 
ST  homogenizer  for  45  sec.  The  sample  was 
centrifuged  at  10,000  g  for  15  min.  The 
tissue  pellet  was  resuspended  and  washed 
three  times  with  5%  TCA.  Ten  milliliters  of 
6  N  HCl  was  added  to  the  tissue  pellet  and 
the  sample  was  hydrolyzed  for  18  hr  in  an 
autoclave .  Hydroxyproline  was  isolated  by 
Dowex  cationic-exchange  chromatography 
as  described  previously  (18).  The  formation 
of  proteinaceous  hydroxyproline  was  linear 
for  at  least  90  min. 

Results,  A  dose  of  150,000  I.U./kg  of 
vitamin  A  was  required  to  prevent  the 
weight  loss  of  granuloma  tissue  in  animals 
treated  with  20  mg/kg  T.A.  (Table  I).  The 
amounts  of  DNA,  protein,  and  proteina- 
ceous hydroxyproline  per  granuloma  were 
reduced  after  T.A.  treatment  when  ex- 
pressed per  total  granuloma  (Table  II). 
Since  these  differences  were  not  observed 
when  the  data  were  expressed  either  on  a 
DNA  or  protein  basis,  the  decreases  in 
DNA,  protein,  and  hydroxyproline  result 
from  the  general  antianabolic  effect  of  glu- 
cocorticoid on  granuloma  growth.  Vitamin 
A  treatment  prevented  the  reduction  of 
DNA,  protein,  and  hydroxyproline  con- 
tents. The  amount  of  lipid  per  granuloma  in 
both  T.A.  and  T.A.  -I-  vitamin  A  groups 
was  twice  as  much  as  either  saline  control  or 
vitamin  A  alone.  Concurrent  vitamin  A 


TABLE  II.  Vitamin  A  Reversal  of  Granuloma  Weight,  Hydroxyproline,  DNA,  and  Protein 
Content  in  TRiAMaNOLONE-TREATED  Rats." 


A  Body  weight 

Granuloma  weight 

Hydroxyproline 

Treatment 

(g) 

(«) 

(Mg) 

DNA  (/ig) 

Protein  (mg) 

Upid  (mg) 

Saline 

^  35  ±  1 .9 

0.8.5  t  0.6 

1.79  ±  0.26 

1.18  ±  0.17 

60.0  ±  5.8 

18.9  ±  3.7 

Vitamin  A 

+  27  ±  4.2 

0.84  *  0.10 

1.92  ±0.27 

1.08  ±0.14 

64.3  ±  9.2 

19.9  ±  3.4 

T.A 

-  17  i  1.6' 

0.29  ±  0.03' 

0.67  ±  0.12« 

0.51  ±  0.10* 

22.0  ±  1. 16* 

31.2  ±3.8" 

Vitamin  A  plus  T.A 

-  20  ±  1.5* 

0.69  ±  0.07 

1.52  ±0.18 

1.51  ±0.04** 

56.5  ±  3.78 

32.2  ±  2.1- 

*  Values  represent  the  mean  ±  SE  of  four  to  eight  samples.  Triamcinolone  acetonide  (T.A.  20  mg/kg)  and  vitamin  A  (I50.0(X)  I.U./kg)  w 
injected  ip  for  4  consecutive  days  from  the  day  of  sponge  implantation.  The  granuloma  tissues  were  prepared  and  assayed  for  protein.  DNA.  i 
hydroxyproline  content  as  described  in  the  text.  Hydroxyproline.  DNA.  and  protein  values  represent  the  amounts  per  j 

•  Significantly  lower  than  control  at  P  s  0.05. 
••  Significantly  greater  than  control  at  P  ^  0.05. 
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•nent  did  not  prevent  the  reduction  of 
weight  by  T.A. 

e  effects  of  vitamin  A  treatment  on 
jen  synthesis  of  granuloma  tissue  fol- 
ig  T.A.  treatment  was  quantified  by 
uring  both  prolyl  hydroxylase  activity 
proteinaceous  hydroxyproline  forma- 

The  prolyl  hydroxylase  activity  was 
Ficantly  decreased  from  the  control 

in  both  T.A.  and  T.A.  +  vitamin  A 
)s  (Table  III).  Concurrent  vitamin  A 
nent  did  not  alter  the  effect  of  T.A.  on 
I  hydroxylase  activity.  The  T.A.  group 
lot  significantly  different  from  the  vi- 
i  A  plus  T.A.  group.  Proteinaceous 
»xyproline  formation  was  decreased  in 
T.A.  and  T.A.  plus  vitamin  A  groups 
e  III).  The  steroid-induced  decrease  of 
prolyl  hydroxylase  activity  and  the  rate 
Dteinaceous  hydroxyproline  formation 
mulomatous  tissue  was  not  altered  by 
irrent  vitamin  A  treatment. 
cussion.  The  treatment  of  either 
ds  or  sponge-induced  granuloma  with 
osteroids  affects  several  parameters  of 
eration  and  repair  including  reduction 
ammatory  cell  infiltration,  fibroplasia, 
ollagen  synthesis  (2-13).  In  the  pres- 
jdy  a  reduction  in  weight  and  vascular- 
the  granuloma  tissue  was  noted  in  the 
d-treated  animals,  as  previously  re- 
1  (3-5,  7,  8).  Concurrent  vitamin  A 

-E  III.  Prolyl  Hydroxylase  AcnviTy  and 
oxYPROLiNE  Formation  in  Granulomatous 
JE  PF  Rats  Treated  with  Triamqnolone 
and/or  Vitamin  A." 


['H)Hydroxypro- 

Prolyl  hydroxylase 

line  formed 

activity  (dpm  x 

(dpm  X  lOVmg 

nent 

10~*/mg  protein) 

protein) 

6.3  ±  1.3 

18.8 

1   A 

5.3  ±  1.5 

26.0 

1.9  ±  0.7* 

3.4 

1  A 

0.6  ±  0.3* 

5.2 

r.A. 

ues  for  prolyl  hydroxylase  activity  represent 
n  ±  SE  of  six  samples.  Triamcinolone  (T.A.  20 
ind  vitamin  A  (150,000  I.U./kg)  were  injected 
consecutive  days.  The  granulomatous  tissue 
sed  and  prepared  for  assay  of  prolyl  hydroxyl- 
ity  as  described  in  the  text.  Samples  of  granu- 
s  tissue  from  the  rats  of  each  group  were 
md  incubated  in  vitro  with  [^Hjproline  as  de- 
n  the  text, 
lificantly  different  at  P  ^  0.05. 


prevented  the  decreases  of  several  parame- 
ters by  T.A.  Although  granuloma  weight 
and  the  amounts  of  DNA,  protein,  and  pro- 
teinaceous hydroxyproline  were  all  signifi- 
cantly lower  than  control  values  in  the  T.A. 
group,  all  of  these  parameters  returned  to 
control  levels  when  vitamin  A  was  given 
concurrently. 

Glucocorticoid  administration  to  rats  re- 
sults in  a  decreased  prolyl  hydroxylase  in 
both  normal  and  granulomatous  tissues  (16- 
18).  The  dose  of  T.A.  used  significantly 
decreased  prolyl  hydroxylase  activity  in 
granulomatous  tissue.  Although  Stein  and 
Reiser  (25)  demonstrated  that  vitamin  A  is 
able  to  prevent  the  glucocorticoid-mediated 
decrease  of  this  enzyme  in  wounded  skin, 
we  did  not  observe  this  in  sponge-induced 
granulomatous  tissue.  Both  prolyl  hydroxyP- 
ase  activity  and  the  rate  of  proteinaceous 
hydroxyproline  formation  were  decreased  in 
animals  treated  with  glucocorticoid  plus  vi- 
tamin A.  The  dose  of  vitamin  A  was  the 
lowest  dose  which  prevented  the  granu- 
lomatous weight  reduction  by  T.A. 

Our  data  indicate  that  concurrent  vitamin 
A  treatment  prevented  the  effect  of  this 
steroid  on  granuloma  vascularity  and  weight 
but  did  not  block  the  specific  effects  of  T.A. 
on  prolyl  hydroxylase  activity  and  hydroxy- 
proline  formation.  The  degree  of  vascularity 
was  visually  estimated  at  autopsy.  The  de- 
crease in  proteinaceous  hydroxyproline  for- 
mation in  T.A.  plus  vitamin  A  groups  may 
represent  either  a  decrease  in  collagen  poly- 
peptide synthesis  and/or  prolyl  hydroxyl- 
ation  step  of  collagen  biosynthesis.  Al- 
though hydroxyproline  formation  was  de- 
creased in  the  vitamin  A  plus  T.A.  group, 
total  granulomatous  proteinaceous  hydroxy- 
proline  was  the  same  as  control.  This  is 
quite  possible  since  the  decrease  in  prolyl 
hydroxylase  in  tissues  occurs  after  several 
daily  steroid  injections  (17),  whereas  the 
decrease  in  protein  synthesis  is  evident 
within  hours  after  initiation  of  glucocorti- 
coid treatment  (7,  8,  10-12,  18,  26).  A 
longer  treatment  period  may  be  required  to 
observe  decreases  in  total  proteinaceous  hy- 
droxyproline. 

The  data  indicate  that  although  vitamin 
A  is  able  to  prevent  the  antiinflammatory 
activity  of  glucocorticoids,  this  vitamin  does 
not  block  the  specific  effect  of  glucocorti- 
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coids.  The  data  suggest  that  the  antiinflam- 
matory activity  of  this  class  of  drugs  is  not 
mediated  through  a  selective  inhibition  of 
collagen  synthesis. 

Summary.  Vitamin  A  administered  con- 
currently with  triamcinolone  acetonide  pre- 
vented the  effects  of  steroid  on  granuloma 
wet  weight,  vascularity,  hydroxyproline, 
protein,  and  DNA.  Although  vitamin  A 
blocked  the  general  inhibitory  effects  of  glu- 
cocorticoid treatment  on  granuloma  growth, 
decreases  of  both  prolyl  hydroxylase  activity 
and  proteinaceous  hydroxyproline  forma- 
tion were  observed.  These  results  indicate 
that  vitamin  A  did  not  prevent  the  specific 
effects  of  glucocorticoids  on  prolyl  hydrox- 
ylase activity  and  hydroxyproline  formation . 
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/hether  or  not  ionized  calcium  (Ca^"*^)  is 
ictor  in  renin  release  is  still  unclear, 
helakis  (1)  showed  that  renin  release 
n  kidney  slices  was  depressed  when  cal- 
n  was  omitted  from  the  incubation  fluid, 
was  maximal  when  the  concentration  of 
ium  in  incubation  media  was  increased 
1.5  mA//liter.  Kotchen  et  al.  (2),  how- 
•,  found  that  the  acute  injection  of  cal- 
n  into  the  renal  artery  of  a  dog  sup- 
;sed  renal  venous  PR  A,  and  that  PR  A 
renal  renin  content  were  decreased  in 
during  chronic  administration  of  cal- 
1.  Previous  studies  from  this  laboratory 
:d  to  find  any  change  in  PRA  during 
:e  EDTA-induced  hypocalcemia  in  nor- 
subjects  or  subjects  with  mild  renal  fail- 
(3),  or  during  calcium  infusions  in  sub- 
5  with  varying  degrees  of  renal  failure 

I  studies  in  the  intact  animal  or  human 
[),  where  simultaneous  changes  in  ex- 
jnal  and  renal  factors  modulating  renin 
ase  cannot  be  prevented,  calcium  could 
►retically  affect  renin  release  by  one  or  a 
bination  of  several  mechanisms:  (a)  it 
It  affect  circulating  catecholamines  (S) 
:h  in  turn  could  alter  renin  secretion  (6); 
it  might  have  a  direct  action  on  intra- 
.1  beta-adrenergic  renin  receptors  via  its 
ivn  action  on  cyclic  AMP  (7);  (c)  it 
It  affect  urinary  sodium  excretion  (8), 
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Los  Angeles,  California  90048. 


thus  changing  sodium  delivery  to  the  macula 
densa  as  proposed  by  Kotchen  et  al,  (2);  and 
(d)  calcium-induced  changes  in  systemic  and 
renal  hemodynamics  (9-10)  might  alter 
renin  release. 

The  use  of  an  isolated  perfused  kidney 
eliminates  the  possibility  of  changes  in  circu- 
lating catecholamines  and  enables  mainte- 
nance of  a  constant  perfusion  pressure,  per- 
mitting analysis  of  the  intrarenal  factors  of 
renin  release.  Therefore,  this  model  was  uti- 
lized to  study  the  effects  of  reduction  of 
Ca^"*"  during  stimulation  with  isoproterenol 
and  theophylline. 

Methods.  Details  of  the  isolated,  perfused 
rabbit  kidney  model  used  in  our  laboratory 
has  been  described  previously  (11,  12). 
Each  experiment  consisted  of  two  consecu- 
tive periods  of  10  min  each,  a  control  period 
followed  by  an  infusion  period  of  known 
stimuli  of  renin  release,  isoproterenol  (13, 
14),  or  theophylline  [theophylline  ethylene 
diamine  (1-3  dimethylxanthine)]  (15).  Both 
agents  were  administered  into  the  renal  ar- 
tery during  the  first  8  min  of  the  infusion 
period.  The  infusion  rate  of  isoproterenol 
was  0.01  /LAg/kg/min,  and  that  of  theophyl- 
line was  7  mg/kg/8  min. 

Two  sets  of  experiments  were  performed. 
In  the  control  group  (Group  A)  the  kidney 
was  perfused  with  ^fresh  rabbit  blood;  in 
Group  B,  EGTA  [ethylene  glycol 
bis(beta-aminoethyl  ether)  /V,/V,tetraacetic 
acid]  was  added  to  the  blood  perfusate  in  a 
concentration  of  1  mAf ,  calculated  to  bind 
essentially  all  of  the  circulating  Ca^"*^  (7). 
The  addition  of  EGTA  to  fresh  rabbit  blood 
in  vitro  in  equimolar  concentration  to  that  of 
the  experiments  did  not  alter  the  velocity 
reaction  of  the  hydrolyses  of  hog  renin  sub- 
strate by  rabbit  renin  (Lineweaver-Burk 
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plot).  In  six  duplicate  studies  of  unaltered 
rabbit  serum  compared  to  rabbit  serum  with 
EGTA  added  prior  to  incubation,  radioim- 
munoassay of  Angiotensin  I  yielded  similar 
results. 

In  all  experiments  perfusion  pressure  was 
kept  constant  at  80  ±  3  mm  Hg.  Renal 
venous  blood  specimens  were  collected  at 
the  end  of  each  10-min  period  for  measure- 
ment of  serum  renin  concentration  (SRC), 
and  samples  were  drawn  from  the  renal  ar- 
tery at  each  midperiod  for  determination  of 
plasma  creatinine  and  serum  electrolytes. 
Urine  collections  were  made  during  the 
theophylline  experiments.  Methods  for  de- 
termination of  SRC,  electrolytes,  creati- 
nine, glomerular  filtration  rate,  and  renal 
blood  flow  have  been  described  previously 
(11,  12).  Student's/  test  for  paired  data  was 
used  for  statistical  analysis. 

Results,  Effect  of  EGTA  on  isoproterenol- 
stimulated  renin  secretion  (Fig.  1).  In  the 
control  experiments,  Group  A,  isoprotere- 
nol caused  a  17%  increase  of  renal  vein 
serum  renin  concentration  (P  <  0.001).  A 
similar  increase  was  observed  during  perfu- 
sion with  EGTA-containing  blood.  Group 
B .  Renal  vascular  resistance  and  serum  po- 
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Fig.  1.  The  influence  of  isoproterenol  (I)  on  renal 
vein  serum  renin  concentration,  renal  vascular  resist- 
ance, and  serum  potassium,  as  compared  to  a  preceding 
10-min  control  period  (C).  Perfusate  in  A  is  rabbit 
blood  (n  =  15);  and  in  B  is  rabbit  blood  with  1  mA/ 
EGTA  (n  =  6). 


Fig.  2.  The  influence  of  theophylline  (T)  on  renal 
vein  serum  renin  concentration,  renal  vascular  resist- 
ance, serum  potassium,  GFR.  and  U^aV  as  compared 
to  a  preceding  1 0-min  control  period .  Perfusate  in  A  is 
rabbit  blood  (n  =  6);  and  in  B  is  rabbit  blood  ^ith  1 
mAf  EGTA  (n  =  6). 

tassium  did  not  change  significantly  during 
the  control  period,  during  isoproterenol  ad- 
ministration, or  following  the  addition  of 
EGTA. 

Effect  of  EGTA  on  theophylline-stimu' 
lated  renin  secretion  (Fig.  2).  Renal  vein 
serum  renin  concentration  increased  signifi- 
cantly (P  <  0.01)  during  theophylline  infu- 
sion in  group  A.  The  addition  of  EGTA 
(Group  B)  did  not  change  the  theophyl- 
line-induced  renin  release  (N.S.).  During  in- 
fusion of  theophylline,  renal  vascular  resist- 
ance decreased  from  8.1  to  5.0  mm  Hg/ml/ 
min  (P  <  0.01)  without  EGTA,  and  a  simi- 
lar decrease  was  observed  when  EGTA  was 
added.  GFR  and  serum  potassium  did  not 
change  during  theophylline  infusion  or  with 
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the  addition  of  EGTA.  Urinary  sodium  ex- 
cretion increased  from  5.5  ±  1 .5  during  the 
control  period  to  14  ±  2.5  /uiequiv/min  dur- 
ing theophylline  infusion  (P  <  0.01)  with- 
out EGTA.  A  similar  increase  was  observed 
when  EGTA  was  added. 

Discussion.  Renin  secretion  by  the  kidney 
is  regulated  by  an  interrelated  complex  sys- 
tem, mediated  by  changes  in  renal  perfusion 
pressure  (16),  renal  resistance  (17),  urinary 
sodium  excretion  (16-19),  serum  potassium 
(20),  sympathetic  nerve  stimulation  (5,21), 
and  catecholamines  (5,6).  The  presence  of 
abundant  adrenergic  nerve  fibers  in  close 
proximity  to  the  juxtaglomerular  cells  (22) 
and  the  fact  that  both  catecholamines  and 
cyclic  AMP  cause  renin  release  when  added 
to  the  kidney  in  vitro  (16)  has  led  to  the 
assumption  that  catecholamines  increase 
renin  secretion  by  direct  action  on  /8-adre- 
nergic  receptors  in  the  renin-secreting  cells, 
mediated  by  cyclic  AMP. 

Cyclic  AMP  content  is  generally  con- 
trolled by  adenylcyclase,  which  increases 
cyclic  AMP  production,  and  phosphodies- 
terase activity,  which  decreases  cyclic  AMP 
content.  In  smooth  muscle,  reduction  of  ex- 
ternal free  Ca^"*"  increases  phosphodiester- 
ase activity  with  a  resultant  decreased  cyclic 
AMP  content  (7).  This  might  explain  the 
decreased  renin  release  by  kidney  slices  in 
vitro,  when  calcium  was  omitted  from  the 
incubation  fluid  reported  by  Michelakis  et 
al.  (1).  The  influence  of  binding  the  free. 
Ca^"*"  by  EGTA  was  therefore  examined 
when  the  perfused  rabbit  kidney  was  stimu- 
lated by  isoproterenol,  which  activates  ad- 
enyl  cyclase,  or  by  theophylline,  which  in- 
hibits phosphodiesterase  activity.  Both  of 
these  stimuli  should  theoretically  increase 
cyclic  AMP. 

The  observations  in  the  present  study 
show  that  in  the  isolated  kidney  the  increase 
of  renal  vein  SRC  during  stimulation  with 
isoproterenol  and  theophylline  was  unaf- 
fected by  binding  of  free  Ca^^  with  EGTA. 
This  does  not  exclude  the  possibility  that  in 
different  circumstances  changes  in  sodium 
excretion  secondary  to  changes  in  filtered 
calcium  may  alter  renin  release  (8).  In  the 
present  experiments  control  Una  V  was  unef- 
fected  by  the  addition  of  EGTA,  and  the 
marked  naturesis  secondary  to  theophylline 


administration  in  both  groups  A  and  B 
could  have  masked  any  decrease  in  urinary 
sodium  secondary  to  calcium-binding  by 
EGTA. 

Vandongen  and  Peart  (23)  studied  renin 
secretion  in  the  isolated,  perfused  rat  kidney 
and  observed  that  elimination  of  calcium 
from  and  the  addition  of  EDTA  to  the  per- 
fusion fluid  increased  noradrenaline-in- 
duced  renin  release,  as  did  the  alpha-adre- 
nergic  blocking  agent,  phenoxybenzamine. 
They  postulated  that  intrarenal  vascular 
contractility  and  inhibition  of  renin  secre- 
tion after  alpha-adrenergic  receptor  activity 
may  be  related  and  may  be  calcium-depend- 
ent. In  the  present  experiments,  binding  of 
the  perfusate  Ca^"*"  did  not  affect  renin 
release  secondary  to  direct  beta-adrenergic 
stimulation  (isoproterenol)  or  to  changes  in 
vascular  reactivity  (theophylline),  two  ma- 
jor mechanisms  of  renin  release. 

Summary,  In  the  isolated,  perfused  rabbit 
kidney,  binding  of  ionized  calcium  by 
EGTA  did  not  affect  the  increased  renin 
release  secondary  to  two  well-known  stim- 
uli, theophylline  and  isoproterenol.  These 
results  indicate  that  Ca^"*"  is  not  a  major 
factor  in  the  intrarenal  regulation  of  renin 
secretion. 
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polypeptide  hormone,  relaxin,  pre- 
he  reproductive  tracts  for  parturition 
iral  mammalian  species.  In  rats,  re- 
\  secreted  by  the  ovaries  during  the 
ek  of  a  22-day  pregnancy  (1 ),  and  its 
bvious  effect  is  to  soften  and  dilate 
rine  cervix  (2).  When  rats  are  ovari- 
eed  on  Day  15  of  gestation,  preg- 
nay  be  maintained  by  daily  injections 
esterone  and  estradiol.  However,  the 
Fails  to  soften,  placental  detachment 
y,  and  parturition  is  impaired  unless 

is  administered  together  with  the 
hormones  (2). 

ice,  in  addition  to  a  gradual  softening 
cervix,  a  long  interpubic  ligament 
luring  the  last  week  of  a  20-21-day 
m  period  and  the  uterus  becomes 
responsive  to  oxytocin  (3).  These 
s  correlate  with  increased  blood  lev- 
relaxin  (1).  As  in  rats,  there  is  a 

of  parturition  in  ovariectomized 
nt  mice  unless  relaxin  therapy  is  insti- 

2)- 

effects  of  relaxin  on  early  pregnancy 
)t  been  documented.  It  seemed  possi- 
it  such  early  administration  might 
bout  a  very  premature  **parturition." 
present  study  we  have  injected  re- 
ito  rats  in  the  peri-implantation  pe- 
1  addition,  we  have  investigated  the 
of  relaxin  on  the  response  of  the 
nt  rat  to  subabortifacient  doses  of 
rlandin  Fza  (PGF2a),  another  sub- 
involved  in  the  initiation  of  parturi- 
-7). 

riak  and  methods.  Animals.  Charles 
^D  or  Marland  Breeding  Farms  MPS 
tmale  rats  (both  Sprague-Dawley-de- 
were  used.  Pregnancies  were  timed 
suppliers  (midnight  ±  6  hr)  and  the 
I  were  delivered  to  our  laboratory  on 
or  2  of  pregnancy.  Day  1  is  the 
g  on  which  spermatozoa  are  found  in 
;inal  smear. 
none  and  drug  treatments.   Swine 


ovarian  relaxin  preparations  (8)  ranging  in 
potency  from  1000  to  3000  units  (9)  per  mg 
were  suspended  in  a  S%  beeswax  in  peanut 
oil  vehicle  and  injected  sc  at  the  doses  indi- 
cated in  the  text  and  tables.  Groups  of  con- 
trol rats  were  injected  sc  with  equivalent 
milligram  doses  of  bovine  serum  albumin 
(BSA)  or  a  nonrelaxin  polypeptide  fraction 
prepared  from  swine  ovaries  in  the  beeswax- 
oil  suspension.  Progesterone  was  injected  sc 
in  sesame  oil.  Prostaglandin  Fja  (PGFja) 
was  injected  sc  in  0.1  A/  phosphate  buffer 
(pH  7.4).  Dexamethasone  and  indometha- 
cin  were  administered  by  gavage  as  aqueous 
suspensions. 

Experimental.  Relaxin  or  control  prepara- 
tions were  administered  sc  as  single  doses  on 
Days  3,  4,  or  5  of  pregnancy  or  as  multiple 
doses  on  Days  3-5  or  4  and  5  in  rats.  Pro- 
gesterone was  injected  sc  on  Days  3-6  or  2- 
9  of  pregnancy  in  rats.  Dexamethasone  was 
administered  orally  on  Days  4-6.  Indometh- 
acin  was  given  by  gavage  days  3-6.  PGFaa 
was  injected  sc  as  a  single  dose  on  Day  5  of 
pregnancy  alone  or  in  combination  with  re- 
laxin. In  all  experiments,  rats  were  killed  on 
Day  10  and  living  fetuses,  resorptions,  and 
total  implantation  sites  were  counted.  In 
one  experiment  blood  was  drawn  for  pro- 
gesterone determination  on  Day  6,  24  hr 
after  a  single  sc  injection  of  relaxin.  The  rats 
were  then  killed  on  Day  9  and  the  uterine 
contents  observed  as  above. 

Progesterone  radioimmunoassay.  Serum 
progesterone  levels  were  determined  by  the 
method  of  Abraham  et  al.  (10)  as  modified 
in  our  laboratory  (11). 

Results.  Injection  of  0.5  (but  not  0.1)  mg 
of  relaxin  sc  daily  on  Days  3-5  of  pregnancy 
induced  resorption  of  a  large  number  of 
fetuses  (Table  I).  This  effect  was  not  dupli- 
cated by  0.5-mg  daily  doses  of  bovine  serum 
albumin  (BSA)  or  a  nonrelaxin  polypeptide 
fraction  of  sow  ovaries  obtained  as  a  by- 
product during  the  extraction  of  relaxin  (Ta- 
ble I). 
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Single  doses  of  1  mg  of  relaxin  adminis- 
tered on  Day  4  or  5,  but  not  on  Day  3, 
likewise  terminated  pregnancy  in  rats  (Ta- 
ble II).  Progesterone,  but  not  indomethacin 
on  Days  3-5,  prevented  termination  of 
pregnancy  by  relaxin  on  Day  5  (Table  II). 
Similarly,  resorption  of  litters  induced  by 
0.5-mg  doses  of  relaxin  on  Days  4  and  5  was 
prevented  by  daily  injections  of  progester- 
one from  the  second  to  the  ninth  day  of 
pregnancy  (Table  II).  Injections  of  10  or  30 
/LAg  of  dexamethasone  on  Days  4,  5,  and  6 
partially  or  completely  reversed  the  adverse 
effects  of  relaxin  on  litter  survival  (Table 

III). 

Smaller  daily  doses  of  relaxin  (0.1  mg) 
did  not  induce  resorptions  (Table  IV).  A 
single  injection  of  1  mg  of  PGFga  on  Day  5 
of  pregnancy  likewise  failed  to  affect  the 
course  of  pregnancy  (Table  IV).  However, 
when  1  mg  of  PGFza  was  injected  on  Day  5 
following  0.1 -mg  doses  of  relaxin  on  Days 


3,  4,  and  5,  nearly  complete  resorption  of 
litters  was  observed  (Table  IV). 

Serum  progesterone  levels  were  found  to 
be  similar  to  those  of  controls  24  hr  after 
single  injections  of  3  mg  of  partially  purified 
or  1  mg  of  highly  purified  relaxin  (Table  V). 

Discussion,  Two  or  three  injections  of  rel- 
atively large  doses  of  purified  porcine  re- 
laxin (0.5-1.0  mg)  around  the  expected 
time  of  implantation  terminated  pregnancy 
in  rats.  However,  this  effect  appeared  to  be 
specific  for  the  relaxin  hormone  per  se  as  it 
was  not  duplicated  by  injections  of  nonre- 
laxin  polypeptides  obtained  from  pregnant 
sow  ovaries  or  injection  of  a  foreign  protein 
such  as  BSA.  Single  injections  of  1  mg  of 
relaxin  on  Day  4  or  5,  but  not  on  Day  3, 
likewise  terminated  pregnancy.  In  no  case 
did  relaxin  interfere  with  implantation.  The 
uterine  contents  were  protected  against  the 
effects  of  relaxin  by  injections  of  progester- 
one or  dexamethasone.  The  latter  steroid 


TABLE  I.  Effects  of  Relaxin  on  Early  Pregnancy  in  Rats. 


Treatment"  (Days  3-5) 


No.  rats 


Av  no.  living  fe- 
tuses** 


Av  no.  resorp- 
tions** 


Av  no.  implants'' 


Control 

6 

12.3  ±  1.1 

0.4  ±  0.2 

13.5  ±  1.2 

Relaxin*  0.5  mg 

5 

2.6  ±  2.(f 

8.0  ±  2.8*- 

10.6  ±  2.1 

Relaxin*  0.1  mg 

5 

11.2  ±  0.8 

0 

11.2  ±0.8 

Control  ovarian  extract  0.5  mg 

6 

13.2  ±  0.8 

0 

13.2  ±  0.8 

BSA  0.5  mg 

6 

10.0  ±  3.0 

0 

10.0  ±  3.0 

°  In  0.2  ml  of  5%  beeswax  in  peanut  oil. 

*  21  AAE  relaxin,  3000  units/mg. 

'  P  <  0.02  versus  control. 

**  Determined  at  autopsy  on  Day  10  of  pregnancy. 


TABLE  11.  Effect  of  Single  Doses  of 

Relaxin  on 

Early  Pregnancy 

IN  Rats  and  the 

ANllABORllFAaENT 

Action  of 

Progesterone. 

Treatment" 

Injection 
on  Day: 

No.  rats 

Av  no.  living  fe- 
tuses 

Av  no.  resorp- 
tions** 

Avno.  implants'' 

Control 



7 

10.6  ±  2.7 

0 

10.6  ±  2.7 

Relaxin*  1  mg  sc 

3 

6 

10.8  ±  1.4 

1.8  ±  0.8 

12.6  ±  0.7 

Relaxin  1  mg  sc 

4 

7 

1 .8  ±  1 .5' 

8.8  ±  2.7- 

10.7  ±  2.2 

Relaxin  1  mg  sc 

5 

6 

0.5  ±  0.5- 

8.3  ±  2.9- 

8.8  ±  2.9 

Relaxin  1  mg  sc 

+  Progesterone  10  mg  sc 

Relaxin  1  mg  sc 

-H  Indomethacin  0.5  mg  po 

5 
3-6 

5 
3-6 

4 
4 

12.5  ±  0.6 
1.5  ±  1.5 

0 
10.5  ±  3.4 

12.5  ±  0.6 
12.0  ±  3.2 

Relaxin  0.5  mg  sc 

4,5 

6 

1 .7  ±  1  .T 

7.2  ±  2.8- 

8.8  ±  2.5 

Relaxin  0.5  mg  sc 

+  Progesterone  5  mg  sc 

4.5 
2-9 

6 

10.1  ±  1.4 

1.6  ±  0.8 

11.8  ±  0.8 

"  In  0.2  ml  of  5%  beeswax  in  peanut  oil. 
*  Relaxin  preparation  21  AAE  (3000  U/mg). 
-  Significantly  different  from  control,  P  <  0.01 . 
'^  Determined  at  autopsy  on  Day  10  of  pregnancy. 
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TABLE  III.  Reversal  of  Relaxin-Induceo  Resorptions  by  Dexamethasone  in  Rats. 


Treatment 

No.  rats 

Living  fetuses*^ 

ResorptionsT 

Total  implantsT 

Control 

10 

12.4  ±  0.5 

0.1  ±  0.1 

12.5  ±  0.5 

Relaxin"  0.5  mg  sc  Days  4  and  5 

10 

1 .6  ±  1 .0* 

11.0  ±  1.1* 

12.6  ±  0.6 

Relaxin'  0.5  mg  sc  Days  4  and  5 

-»-  Dexamethasone  10  /ng  po  Days  4-6 

5 

6.8  ±  3.0 

3.0  ±  1.5 

9.5  ±  2.2 

Relaxin'  0.5  mg  sc  Days  4  and  5 
+  Dexamethasone  30  fig  po  Days  4-6 
Dexamethasone  10  /ng  po  Days  4-6 
Dexamethasone  30  /ng  sc  Days  4-6 

5 

5 
5 

11.2  ±0.7 

12.6  ±  1.2 
13.2  ±  0.4 

0.2  ±  0.2 

0 
0 

11.4  ±  0.4 

12.6  ±  1.2 
13.2  ±  0.4 

"  Relaxin  preparation  No.  15  AAE  (1000  units/mg)  in  0.2  ml  of  5%  beeswax  in  peanut  oil. 
*  Significantly  different  from  control,  P  <  0.01. 
*"  Determined  at  autopsy  on  Day  10  of  pregnancy. 


TABLE  IV.  Effects  of  Relaxin  and  PGFja  on  Pregnancy  in  Rats. 


Treatment 


Days 


No.  rats 


Fetuses 


Resorptions^  Total  implantsT 


Control 

3-5 

5 

12.0  ±  2.8 

0 

12.0  ±  2.8 

(BSA  0.5  mg  sc) 

Relaxin^  0.1  mg  sc 

3-5 

5 

11.2  ±0.8 

0 

11.2  ±0.8 

PGFfc,  1  mg  sc 

5 

5 

13.6  ±  1.2 

0.8  ±  0.4 

14.5  ±  1.3 

Relaxin  0.1  mg  sc 

3-5 

5 

1.2  ±  1.2* 

8.4  ±  2.5* 

9.6  ±  2.6 

+  PGFfc  1  mg  sc 

5 

"  Relaxin  preparation  No.  21  AAE  (3000  units/mg)  in  0.2  ml  of  5%  beeswax  in  peanut  oil. 
*  Significantly  different  fi-om  control,  P  <  0.01 . 
*■  Determined  at  autopsy  on  Day  10  of  pregnancy. 

TABLE  V.  Serum  Progesterone  Levels  24  Hr  after  Relaxin  Injection  in  Early  Pregnant  Rats. 


Treatment" 


Daily  dose     Days  of  in- 
(mg)  jection 


No.  rats 


Av  no.  living 
fetuses* 


Av  no.  re- 
sorptions* 


Serum  progesterone 
(ng/miy 


None 
Relaxin 
(15  AAE) 
Relaxin 
(21  AAE) 


- 

- 

4 

13.5 

0 

66.7  ±  2.6 

3.0 

4,5 

3 

0 

8.6 

75.7  ±  12.8 

1.0 

5 

5 

5.5 

7.8 

68.5  ±  10.3 

"  Injected  in  0.2  ml  of  5%  beeswax  in  peanut  oil. 
*  Observed  on  Day  9  of  pregnancy. 
*"  Blood  drawn  on  Day  6  of  pregnancy. 


has  no  progestational  activity  but  corticoste- 
roids may  induce  secretion  of  prolactin  (12, 
13).  Prolactin,  in  turn,  would  increase  pro- 
gesterone synthesis  by  the  ovaries.  It  is  also 
possible  that  dexamethasone,  by  virtue  of  its 
antiinflammatory  activity,  may  somehow  di- 
rectly antagonize  the  effects  of  relaxin.  (Re- 
laxin is  known  to  induce  inflammatorylike 
changes  in  permeability  and  composition  of 
the  uterus;  14).  However,  a  nonsteroidal 
antiinflammatory  agent,  indomethacin  did 
not  prevent  the  abortifacient  effects  of  re- 
laxin . 

Relaxin  and  PGFja  in  doses  which  sepa- 
rately had  no  adverse  effects  on  pregnancy, 
induced  resorption  of  litters  when  given  in 
combination.  We  had  considered  the  possi- 


bility that  relaxin  may  exert  its  action  by 
inducing  prostaglandin  synthesis.  However, 
the  failure  of  a  prostaglandin  synthetase  in- 
hibitor, indomethacin  to  prevent  the  aborti- 
facient action  of  relaxin  makes  this  appear 
unlikely.  It  does  seem  possible  that  relaxin 
and  PGs  may  act  synergistically  at  term  to 
bring  about  parturition. 

The  mechanism(s)  whereby  large  doses  of 
relaxin  terminate  pregnancy  is  not  known. 
The  hormone  did  not  appear  to  alter  serum 
progesterone  levels  and  yet  exogenous  pro- 
gesterone antagonized  the  abortifacient  ac- 
tion of  relaxin.  This  finding  suggests  that  the 
effect  of  relaxin  may  be  exerted  on  the 
uterus  inasmuch  as  this  organ  is  the  major 
site  of  action  of  progesterone  in  maintaining 
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pregnancy.  Relaxin  may  inhibit  decidualiza- 
tion  (15).  Relaxin  also  is  known  to  affect  the 
composition  (14),  structural  framework 
(16,  17),  and  motility  (e.g.,  17)  of  the 
uterus.  Relaxin  may  be  able  to  reverse  the 
progesterone  "block"  to  the  propagation  of 
coordinated  uterine  contractile  activity. 

Summary,  Administration  of  relaxin  in 
the  peri-implantation  period  terminated 
pregnancy  in  rats.  The  effect  was  blocked  by 
progesterone  and  dexamethasone  but  not  by 
indomethacin.  When  relaxin  and  PGF2a 
were  given  concomitantly  in  doses  which 
singly  did  not  interfere  with  pregnancy,  re- 
sorption of  fetuses  was  observed.  It  is  sug- 
gested that  relaxin  may  antagonize  the  pro- 
gesterone **block"  to  coordinated  uterine 
contractions. 

We  thank  our  former  colleagues,  Drs.  O.  D.  Sher- 
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revious  studies  in  our  laboratory  demon- 
ted  that  decreases  in  renal  sodium  excre- 
I  and  urine  flow  are  elicited  when  atrial 
ismural  pressure  is  reduced  in  the  dog  by 
infusion  of  isotonic  saline  into  a  specially 
structed  pericardial  pouch  which  en- 
es  the  atria  only  (1,  2).  This  procedure 
ial  tamponade)  produced  no  significant 
nges  in  left  atrial  pressure  or  aortic  pres- 
j  (2).  Consequently,  we  suggested  that 
changes  in  salt  and  water  excretion  are 
ited  reflexly  by  the  changes  in  atrial 
ismural  pressure  (1,2)  although  other 
jibilities  were  considered  (1). 
1  later  experiments  we  found  that  central 
ous  pressure  consistently  is  increased  by 
roximately  2-3  mm  Hg  during  atrial 
ponade  (3),  thus  indicating  that  this  pro- 
Lire  does  cause  distinct,  though  subtle, 
iges  in  systemic  hemodynamics.  The 
iges  in  renal  excretion  that  occur  during 
il  tamponade  therefore  conceivably 
Id  be  initiated  either  by  changes  in  atrial 
:ptor  activity  or  by  extra-atrial  changes 
/stemic  hemodynamics.  In  an  attempt  to 
jrentiate  between  these  two  possibili- 
.  we  performed  a  series  of  experiments 
gned  to  determine  the  effect  of  atrial 
ponade  on  renal  function  after  known 
rent  pathways  from  the  heart  had  been 
mipted.  The  interruption  of  cardiac  af- 
nt  pathways  would  be  expected  to  abol- 
or  attenuate  the  renal  response  if  it  is 
indent  upon  atrial  receptors.  The  results 
lined  indicate  that  the  renal  response  to 
il  tamponade  does  not  depend  upon 
il  receptors. 
aterials  and  methods.  All  experiments 

Phis  work  was  supported  by  Research  Grant  No. 
3623  from  the  Public  Health  Service, 
^resent  address:  Department  of  Medicine,  Univer- 
lospitals.  Cleveland,  Ohio  44106. 


were  performed  on  female  mongrel  dogs 
averaging  15.6  ±  1  kg  (SE)  in  weight.  The 
chest  was  opened  through  a  midline  ster- 
notomy under  aseptic  conditions  and  an 
atrial  pericardial  pouch  was  made  by  trim- 
ming away  the  pericardium  which  covered 
the  ventricles  and  suturing  the  remaining 
edge  of  pericardium  to  the  atrioventricular 
groove.  Thus  the  atria,  but  not  the  ventri- 
cles, were  enclosed  within  the  pericardial 
pouch.  A  catheter  was  placed  into  the  pouch 
for  the  infusion  and  withdrawal  of  saline  and 
for  recording  intrapericardiat  pressure. 
Other  catheters  were  implanted  in  the  aorta 
and  superior  vena  cava,  and  in  one  group  of 
dogs  a  catheter  also  was  placed  in  the  left 
atrium.  Details  of  the  operative  procedure 
and  postoperative  management  have  been 
published  (2). 

During  the  thoracotomy,  a  bilateral  par- 
tial sympathectomy  was  performed  on  all 
dogs  by  identifying  and  cutting  the  rami 
communicantes  and  removing  the  sympa- 
thetic trunk  (stellate  ganglion  through  T-5). 
This  level  of  denervation  was  chosen  be- 
cause the  efferent  sympathetic  fibers  to  the 
heart  appear  to  arise  from  T-1  through  T-4 
(4).  The  more  extensive  denervation  there- 
fore should  have  eliminated  the  afferent  and 
efferent  impulses  that  travel  in  the  sympa- 
thetic distribution  to  the  heart.  For  conveni- 
ence, we  will  refer  to  this  procedure  simply 
as  a  ^'sympathectomy"  throughout  this  pa- 
per. In  eight  animals  a  vascular  occluder 
with  an  inflatable  cuff  was  placed  around 
the  descending  thoracic  aorta  in  order  to 
allow  us  to  control  renal  arterial  pressure.  In 
three  of  these  animals  the  recurrent  laryn- 
geal nerves  were  cut  bilaterally  above  the 
origin  of  the  cardiac  branches.  The  dogs 
were  allowed  to  recover  from  the  operation 
for  at  least  1  week. 

On  the  day  of  the  experiment,  each  dog 
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was  anesthetized  with  sodium  pentobarbital 
(30  mg/kg  body  weight)  and  both  vagus 
nerves  were  cut  in  the  midcervical  region.  In 
those  dogs  having  an  occluder  around  the 
aorta,  a  catheter  was  inserted  into  the  femo- 
ral artery  and  its  tip  was  advanced  to  the 
level  of  the  renal  arteries.  In  all  experiments 
urine  flow  was  elevated  above  basal  levels 
by  the  intravenous  infusion  of  saline,  and  a 
relatively  stable  urine  flow  was  established. 
The  total  amount  of  saline  infused  during 
prehydration  averaged  240  ±  60  ml.  Each 
experiment  included  a  30-min  control  pe- 
riod, a  30-min  period  of  atrial  tamponade 
that  was  produced  by  infusing  saline  into  the 
pericardial  pouch,  and  a  30-min  recovery 
period  that  followed  the  withdrawal  of  the 
saline  from  the  pericardial  pouch. 

Urine  was  collected  over  10-min  intervals 
through  a  self-retaining  catheter,  and  a  vol- 
ume of  saline  equal  to  the  urine  volume  was 
infused  intravenously  at  the  end  of  each 
collection  period.  The  clearance  of  creati- 
nine was  used  as  an  index  of  glomerular 
filtration  rate.  A  priming  dose  of  20  mg  of 
creatinine/kg  body  weight  and  a  mainte- 
nance dose  of  0.60  mg/kg  min"*  were  used. 
The  creatinine  was  dissolved  in  5%  dextrose 
in  water  and  infused  intravenously  at  an 
average  rate  of  0.32  ml/min.  Blood  samples 
for  creatinine  analysis  were  withdrawn  at 
the  midpoints  of  each  urine  collection  pe- 
riod and  replaced  with  an  equal  volume  of 
6%  dextran  in  isotonic  saline.  Creatinine 
determinations  were  made  with  a  Technicon 
autoAnalyzer.  Sodium  concentrations  were 
determined  in  duplicate  by  an  IL  model  143 
flame  photometer.  Venous  and  arterial 
blood  pressures  were  measured  with  Sta- 
tham  P23Db  transducers  which  were  zeroed 
at  the  spinous  processes  of  the  vertebral 
column  at  T4-T5.  Pressures  were  recorded 
on  an  Electronics  for  Medicine  DR-8  re- 
corder. 

At  the  end  of  each  experiment,  the  ca- 
rotid arteries  were  occluded  bilaterally  be- 
low the  level  of  the  carotid  sinuses  for  15 
sec.  This  procedure  did  not  produce  changes 
in  heart  rate  in  these  dogs,  thus  confirming 
that  the  efferent  innervation  to  the  heart 
had  been  effectively  eliminated. 

Student's  paired  t  analysis  (two-tailed) 

was  used  to  compare  data  obtained  during 

10-min  interval  of  the  tamponade  and 


recovery  periods  with  the  mean  control  val- 
ues. The  unpaired  /  test  was  used  to  make 
comparisons  between  groups  of  animals.  A 
P  value  of  less  than  O.OS  was  considered  to 
be  statistically  significant. 

Results,  Figure  1  presents  a  summary  of 
the  changes  in  renal  function  which  oc- 
curred during  atrial  tamponade  in  six  dogs 
with  an  acute  vagotomy  and  a  chronic  sym- 
pathectomy. Sodium  excretion  and  urine 
flow  decreased  from  their  respective  control 
values  throughout  the  period  of  tamponade 
and  returned  toward  control  levels  during 
the  recovery  period.  The  relative  decreases 
in  sodium  excretion  and  urine  flow  at  the 
end  of  tamponade  were  not  different  statis- 
tically (P  >  0.10,  P  >  0.90,  respectively) 
from  the  decreases  observed  at  the  end  of 
tamponade  in  earlier  experiments  on  intact, 
unanesthetized  dogs  (1). 

The  hemodynamic  changes  produced  by 
atrial  tamponade  during  these  experiments 
are  shown  in  Fig.  2.  An  increase  of  approxi- 
mately 6  mm  Hg  in  intrapericardial  pressure 
increased  central  venous  pressure  signifi- 
cantly, a  finding  that  was  noted  previously 
(3).  Mean  arterial  pressure  was  decreased 
throughout  the  period  of  tamponade,  a  find- 
ing in  contrast  to  previous  results  which 
demonstrated  that  mean  arterial  pressure 
does  not  change  during  atrial  tamponade  in 
intact  dogs  (1,2).  Apparently  the  extensive 
autonomic  denervation  procedures  used  in 
the  present  experiments  prevented  barore- 
ceptor  reflexes  from  maintaining  a  constant 
arterial  blood  pressure  during  atrial  tam- 
ponade. Pulse  pressure  was  not  changed  sig- 
nificantly from  control  levels.  Heart  rate 
changes  were  small,  but  a  decrease  of  two 
beats/min  at  the  onset  of  tamponade  was 
significant  statistically.  This  change  proba- 
bly was  of  no  biologic  significance,  but  it 
may  have  been  elicited  by  a  slight  decrease 
in  stretch  of  sinoatrial  pacemaker  tissue  (5) 
as  a  result  of  the  tamponade. 

The  decrease  in  arterial  pressure  which 
occurred  during  tamponade  in  these  experi- 
ments raised  the  possibility  that  a  small  de- 
crease in  renal  perfusion  pressure  could 
have  been  directly  responsible  for  the  ob- 
served decreases  in  sodium  excretion  and 
urine  flow.  This  possibility  was  examined  in 
experiments  conducted  on  another  group  of 
eight  dogs  that  had  an  inflatable  occluder 
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G.  2.  Hemodynamics  recorded  in  six  sympathec- 
sed,  vagotomized  dogs.  PP,  CVP,  MAP,  S-D,  and 
denote  intrapericardial  pressure,  central  venous 
lire,  mean  aortic  pressure,  pulse  pressure,  and 
rate,  respectively.  Other  notations  as  in  Fig.  1 . 

ed  around  the  descending  aorta  at  the 
:  of  their  thoracotomy.  Prior  to  the  col- 
on of  the  control  urine  samples,  the 
a  was  partially  occluded  to  create  a  pres- 
gradient  of  15-20  mm  Hg  between  the 
ic  arch  and  renal  arteries.  Subsequently, 
ressure  within  the  aortic  arch  decreased 
tly  during  atrial  tamponade  the  degree 


of  aortic  occlusion  was  reduced  in  order  to 
maintain  the  renal  artery  pressure  at  control 
levels  or  to  allow  it  to  rise  slightly.  The 
aortic  occluder  was  adjusted  in  the  opposite 
direction  at  the  end  of  the  tamponade  pe- 
riod. 

As  mentioned  previously,  the  recurrent 
laryngeal  nerves  were  cut  bilaterally  in  three 
dogs  of  this  group.  The  data  obtained  from 
these  three  dogs  were  combined  for  analysis 
with  the  data  from  the  five  other  dogs  be- 
cause the  decreases  in  sodium  excretion  and 
urine  flow  during  atrial  tamponade  did  not 
differ  (P  >  0.30  and  P  >  0.40,  respectively) 
between  the  two  groups.  The  effect  of  atrial 
tamponade  on  renal  function  in  these  exper- 
iments is  summarized  in  Fig.  3.  The  magni- 
tude of  the  decreases  in  sodium  excretion 
and  urine  flow  in  these  experiments  did  not 
differ  significantly  (P  >  0.70  and  P  >  0.30, 
respectively)  from  the  decreases  observed 
previously  in  intact,  unanesthetized  dogs  (1). 

During  tamponade  there  was  an  increase 
in  central  venous  pressure  and  a  decrease  in 
mean  aortic  arch  pressure  (Fig.  4).  Left 
atrial  pressure  and  pulse  pressure  were  not 
statistically  different  from  control  levels. 
Heart  rate  was  not  altered  significantly  dur- 
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Fig.  3.  Renal  response  in  eight  sympathectomized, 
vagotomized  dogs  in  which  mean  pressure  in  the  renal 
arteries  was  maintained  constant  during  atrial  tampon- 
ade. Notations  as  in  Fig.  1 . 
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Fig.  4.  Hemodynamics  recorded  in  eight  sympa- 
thectomized,  vagotomized  dogs  in  which  mean  pressure 
in  the  renal  arteries  was  maintained  constant  during 
atrial  tamponade.  LAP  denotes  left  atrial  pressure,  and 
RAP  denotes  renal  artery  pressure.  Other  notations  as 
in  Fig.  2. 

ing  tamponade  but  did  increase  during  the 
latter  portion  of  the  recovery  period.  Pres- 
sure at  the  level  of  the  renal  arteries  in- 
creased slightly,  thus  the  decreases  in  so- 
dium excretion  and  urine  flow  that  occurred 
during  tamponade  are  not  attributable  to  a 
decrease  in  the  perfusion  pressure  of  the 
renal  arteries  in  these  experiments. 

Discussion.  These  experiments  demon- 
strate that  atrial  tamponade  continues  to 
cause  decreases  in  sodium  excretion  and  ur- 
ine flow  after  the  known  afferent  pathways 
from  the  heart  are  severed.  Although  it  is 
possible  that  some  vestiges  of  afferent  car- 
diac innervation  remained  in  these  dogs,  it  is 
highly  probable  that  the  majority  of  fibers 
were  destroyed.  The  vagus  is  considered  to 
be  the  main  afferent  pathway  for  impulses 
from  cardiac  receptors,  and  the  vagi  were 
divided  bilaterally  in  the  midcervical  region. 
In  addition,  there  is  considerable  evidence 
indicating  that  some  afferent  impulses  from 
the  heart  reach  the  central  nervous  system 
via  the  sympathetic  rami  communicantes 
(6-8).  Therefore  all  dogs  in  this  study  also 
were  sympathectomized  from  the  stellate 
ganglion  through  T-5.  Although  there  was 
no  effective  way  to  test  for  complete  affer- 


ent denervation  of  the  heart  in  our  studies, 
we  did  demonstrate  that  the  efferent  path- 
ways were  effectively  eliminated  because  bi- 
lateral carotid  occlusion  below  the  carotid 
sinuses  caused  no  change  in  heart  rate  in 
these  animals.  The  effectiveness  of  efferent 
denervation  suggests  that  afferent  cardiac 
pathways  were  effectively  eliminated  also. 
Finally,  since  it  recently  was  reported  that 
some  afferent  impulses  from  the  atria  may 
travel  via  the  laryngeal  communicans  of  the 
rat  (9,  10),  we  cut  the  recurrent  laryngeal 
nerves  bilaterally  in  three  dogs  in  order  to 
eliminate  this  potential  pathway  for  afferent 
cardiac  impulses.  Although  efferent  as  well 
as  afferent  fibers  were  eliminated  by  these 
procedures,  our  specific  purpose  in  this 
study  was  to  eliminate  afferent  neural  path- 
ways from  the  heart  and  hence  to  abolish 
any  reflex  effects  on  renal  function  which 
might  be  initiated  by  cardiac  receptors. 

In  the  experiments  in  which  renal  artery 
pressure  was  controlled,  a  direct  effect  of 
changes  in  renal  perfusion  pressure  was 
ruled  out,  but  it  is  possible  that  the  reduc- 
tion in  arterial  pressure  above  the  occluder 
may  have  elicited  reflex  changes  in  kidney 
function  which  were  initiated  by  carotid 
sinus  baroreceptors.  Thus  one  could  argue 
that  the  changes  in  renal  function  observed 
during  our  earlier  experiments  with  intact, 
conscious  animals  were  mediated  at  least 
partly  by  cardiac  reflexes,  and  that  other 
factors  were  responsible  for  the  renal  re- 
sponse during  tamponade  in  the  denervated 
heart.  However,  since  the  magnitude  of  the 
antidiuresis  and  antinatriuresis  during  atrial 
tamponade  is  not  altered  after  cardiac  de- 
nervation, we  favor  the  conclusion  that 
atrial  receptors  did  not  contribute  signifi- 
cantly to  the  renal  response  elicited  by  atrial 
tamponade  in  our  earlier  experiments  with 
conscious  dogs.  We  have  discussed  in  detail 
elsewhere  (11 )  the  more  general  question  of 
whether  atrial  receptors  participate  in  the 
physiologic  regulation  of  extracellular  fluid 
volume. 

The  present  experiments  did  not  elucidate 
the  specific  mechanisms  by  which  atrial  tam- 
ponade causes  alterations  in  renal  function. 
The  results  of  this  study,  however,  do  imply 
that  the  renal  excretion  of  salt  and  water  is 
quite  sensitive  to  subtle  changes  in  systemic 


ATRIAL  TAMPONADE   AFTER    HEART   DENERVATION 


427 


odynamics  and  that  this  sensitivity  is  not 
ceably  altered  following  rather  exten- 

denervation  of  the  heart. 
immary.  Atrial  tamponade  was  used  as 
ethod  to  reduce  atrial  transmural  pres- 

in  dogs  whose  afferent  pathways  from 
liac  receptors  were  interrupted  by  sym- 
lectomy  and  vagotomy.  Under  these 
litions,  atrial  tamponade  caused  de- 
ses  in  renal  sodium  excretion  and  urine 

which  were  comparable  to  those  previ- 
y  observed  in  intact  dogs.  These  obser- 
3ns  lead  us  to  conclude  that  the  changes 
snal  function  which  occur  during  atrial 
ponade  are  not  caused  by  a  reflex  initi- 

by  atrial  receptors.  Rather,  the  altera- 
s  in  renal  function  appear  to  be  attribut- 

to  unidentified  changes  in  systemic  he- 
ynamics  that  are  elicited  by  atrial  tam- 
ide. 
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Distribution  of  Guinea  Pig  Herpeslike  Virus  in  Brain  9nd  Other  Tissues  of  Naturally 
and  Experimentally  Infected  Animals^  (39412) 
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In  experimental  infections  with  different 
herpesviruses  it  has  been  found  that  the 
viruses  may  persist  in  a  latent  state  for  pro- 
longed periods  of  time  without  causing  ap- 
parent disease  (1).  Latent  herpes  simplex 
virus  infection  of  the  trigeminal  ganglia  of 
mice  and  rabbits  has  been  studied  (2-S)  but 
the  distribution  of  this  virus  in  the  central 
nervous  system  has  not  been  as  extensively 
explored.  Furthermore,  even  less  is  known 
about  the  neural  distribution  of  other  her- 
pesviruses during  long-term  infection. 

A  herpeslike  virus  was  isolated  from 
guinea  pigs  (6),  and  latent  infection  of  the 
brain  with  this  virus  in  experimentally  in- 
fected animals  was  studied  in  our  laboratory 
(7).  However,  the  distribution  of  this  virus 
in  different  parts  of  the  brain  was  not  inves- 
tigated. Because  of  the  importance  of  latent 
and  persistent  viral  infections  of  the  nervous 
system,  it  was  of  interest  to  study  the  quanti- 
tative distribution  of  virus  in  the  brain  and 
the  trigeminal  ganglia  of  guinea  pigs  natu- 
rally and  experimentally  infected  with  the 
guinea  pig  herpeslike  virus  (GPHLV).  In 
addition,  the  distribution  of  GPHLV  in 
blood,  spleen,  salivary  gland,  and  other  tis- 
sues was  determined  and  compared  to  that 
of  virus  in  the  nervous  system. 

Materials  and  methods.  Virus  stock  and 
cell  culture.  GPHLV  strain  Y407,  isolated 
from  a  naturally  infected  strain  2  guinea  pig 
was  used  (6).  The  virus  was  passaged  in 
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Hartley  guinea  pig  kidney  (GPK)  cell  mono- 
layer cultures  four  times  before  use.  Virus 
infectivity  titers  of  the  stock  virus  varied 
between  10«  and  lOTCIDso/ml.  Primary 
GPK  monolayer  cultures  were  prepared 
from  GPHLV-free  Hartley  guinea  pigs,  by 
trypsin  dispersion  of  kidney  cells  as  previ- 
ously described  (8). 

Animal  source  and  inoculation.  Adult 
strain  2  and  strain  13  guinea  pigs  were  ob- 
tained from  Dr.  C.  H.  Evans  and  Dr.  D. 
Rosenstreich,  respectively,  of  the  National 
Institutes  of  Health.  Hartley  guinea  pigs 
were  purchased  from  CAMM  Research  In- 
stitute, Wayne,  N.J.  Hybrid  guinea  pigs 
were  obtained  through  cross-breeding  of 
strain  2  and  Hartley  guinea  pigs.  GPHLV 
negative  Hartley  or  F,  hybrid  guinea  pigs 
were  observed  for  any  evidence  of  disease, 
suspension  by  the  intraperitoneal  (ip)  or 
0.1-0.2  ml  by  the  intracerebral  (ic)  route. 
Animals  were  kept  in  separate  cages  and 
were  observed  for  any  evidence  of  diseases. 

Detection  of  virus.  In  order  to  determine 
onset  of  natural  GPHLV  infection,  0.5  ml 
of  heparinized  whole  blood,  obtained  from 
anesthetized  animals  by  heart  puncture  at 
monthly  intervals,  was  inoculated  onto  GPK 
monolayer  cultures.  Animals  were  consid- 
ered GPHLV  positive  when  virus-induced 
cytopathic  effect  (CPE)  was  observed.  Nat- 
urally and  experimentally  infected  animals 
were  sacrificed  by  exsanguination  under 
ether  anesthesia.  The  brain,  trigeminal  gan- 
glia, spleen,  and  salivary  gland  were  then 
removed  aseptically.  In  order  to  obtain  sat- 
isfactory samples  of  the  cerebral  cortex,  di- 
encephalon,  brainstem,  cerebellum,  and  tri- 
geminal ganglia,  the  following  procedure 
was  employed.  The  brainstem  was  cut  at  the 
level  of  the  superior  colliculus,  and  the  fore- 
brain  and  diencephalon  were  gently  raised 
and  lifted  out  of  the  cranium.  This  brain 
tissue  was  then  sagittally  cut  and  the  dience- 
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ic  area  including  the  basal  ganglia,  thal- 
is,  and  hypothalamus  was  separated 

1  the  cerebral  cortex.  The  cerebellum 
the  brainstem  were  separated  by  cutting 
cerebellar  peduncles  and  the  middle  of 
medulla  oblongata.  Care  was  taken  to 
the  trigeminal  roots  before  lifting  the 
nstem  out  of  the  cranium.  Each  trigemi- 
ganglion  was  dissected  free  of  the  basal 
inges  and  separated  from  the  trigeminal 
.  Tissues  were  handled  separately  and 

2  trypinisized  as  described  previously 
Serial  10-fold  dilutions  of  packed  cells 

)ared  from  tissues  of  GPHLV-infected 
lals  were  inoculated  into  tube  cultures 
fPK  cell  monolayers,  3-4  tubes  per  dilu- 
.  Virus  isolation  from  heparinized  whole 
»d  was  performed  in  a  similar  manner, 
ctivity  titers  of  the  10-fold  diluted  cell 
•ensions  were  determined  by  the  50% 
[)oint  method  (9).  In  some  instances 
sin-dispersed  infected  cells  were  planted 
rCighton  tubes  as  primary  cultures.  All 
ires  were  examined  for  the  presence  of 
I  and/or  virus  induced  intranuclear  in- 
ons. 

icroscopy  of  infected  tissues.  Portions  of 
sn,  salivary  gland,  trigeminal  ganglion, 
brain  tissue  from  each  animal  were 
i  in  10%  formalin  or  Bouin's  solution 
►wed  by  staining  with  H&E  for  light  mi- 
copy.  Small  portions  of  selected  tissue 
pies  were  also  fixed  in  3%  glutaralde- 
I  and  examined  by  electron  microscopy 
escribed  previously  (10).  For  indirect 
unofluorescence  study,  blood  leuko- 
>,  and  trypsinized  spleen  cells  were  fixed 


with  acetone  and  overlayed  with  anti- 
GPHLV  serum  produced  in  rabbits,  before 
addition  of  fluorescein-conjugated  anti-rab- 
bit serum  (11). 

Results.  Distribution  of  GPHLV  in  brain 
and  trigeminal  ganglion  of  naturally  and  ex- 
perimentally infected  guinea  pigs,  Guinea 
pigs  naturally  or  experimentally  infected 
with  GPHLV  were  observed  for  periods  of 
up  to  15  months.  Of  the  25  animals  studied, 
13  naturally  and  12  experimentally  infected, 
virus  was  isolated  from  the  trigeminal  gan- 
glia and  several  parts  of  the  brain  of  all. 
Infectivity  titers  for  dispersed  cell  suspen- 
sions of  trigeminal  ganglia  and  different 
parts  of  the  brain  are  shown  in  Table  I.  The 
range  of  infectivity  titers  for  the  trigeminal 
and  brain  tissues  was  1 .7-2.7  log  TCIDjo/ml 
packed  cells,  with  no  significant  difference 
between  the  naturally  infected  strain  2, 
strain  13,  or  hybrid  guinea  pigs  and  the 
experimentally  infected  guinea  pigs. 

Comparison  of  virus  infection  in  brain, 
blood,  spleen,  and  other  tissues.  Since  the 
average  infectivity  titers  of  cell  suspensions 
obtained  from  the  different  neural  tissues 
did  not  differ  significantly,  the  titers  in  the 
brain  and  trigeminal  ganglia  were  compared 
with  the  titers  in  other  tissues.  As  shown  in 
Table  II,  the  highest  virus  titer  was  found  in 
the  spleen  regardless  of  mode  of  infection, 
including  ic  inoculation.  The  mean  titer  in 
spleen  was  4.1  log  TCIDjo/ml  packed  cells 
with  lesser  titers  in  kidney,  salivary  gland, 
blood,  and  brain.  The  average  titer  in  blood 
was  slightly  greater  than  in  brain  cell  sus- 
pensions and  slightly  less  than  in  cell  suspen- 


ABLE  I. 


Isolation  of  GPHLV  from  Trigeminal  Ganglia  and  Different  Parts  of  the  Brain  of 
Naturally  and  Experimentally  Infected  Guinea  Pigs. 


Route  of  in- 
oculation 

Strain  of  guinea 
pig 

No.  ani- 
mals stud- 
ied 

Average  infectivity  titers  of  cell  suspensions  log 
TCIDso/ml  packed  cells 

iiinea  pig 
group 

Tri. 
gang." 

C.  Cor- 
tex 

Dien- 
ceph. 

Br.St. 

Cer. 

rally       in- 
ted 

rimentally 
jcted 

None 

ip 
ip 
ic 

2 
13 
F,  hybrid* 

F,  hybrid 

Hartley 

Hartley 

3 
3 
7 

4 
5 
3 

1.8 
2.2 
1.8 

2.1 
1.9 
1.5 

2.2 
2.6 
2.2 

2.2 
2.1 
1.8 

1.8 
2.3 
2.1 

2.0 
1.8 
1.8 

1.7 
2.3 
2.1 

2.0 
1.8 
2.0 

1.7 
2.2 
1.9 

2.1 
1.8 
1.7 

n.gang.  =  trigeminal  ganglion;  C.  cortex 

Cer.  =  cerebellum. 

train  2  crossed  with  Hartley. 


cerebral  cortex;  Dienceph.  =  diencephalon;  Br.  st.  =  brain 
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II.  Comparison  of  Infecttvity  Titers  of  Cell  Suspensions  of  Brain,  Spleen,  and  Blood  fion 
Long-Term  GPHLV-Infected  Guinea  Pigs. 


Route  of  in- 
oculation 

Time  postin- 
fection 
(months) 

No.  ani- 
mals stud- 
ied 

Average  infectivity  titers  of  cell  sii^>ensions  log 
TCIDso/ml  packed  cells  or  whole  blood" 

Guinea  pig 
group 

Brain* 

Blood 

Spleen 

Salivary  gland, 
kidney,  liver 

Naturally  infec- 
tecT 

Experimentally 
infected" 

None 

JP 
ip 
ic 

l-S'' 
7-15 

4-5 
7-10 

4-5 

7 
9 

5 
5 

3 

2.0 
1.8 

1.9 
1.7 

1.7 

2.1 
2,3 

2.7 
2.1 
2.1 

4.2 
4.0 

4.0 
4.2 
4.4 

3.2 
3.0 

Not  done 
3.1 
3.0 

"  In  guinea  pigs  in  previous  experiments  (6,  8, 12),  GPHLV  has  also  been  isolated  from  lung,  uterus,  placenta, 
and  thymus  of  long-term  infected  animals. 

"  Average  of  all  parts  of  brain  and  trigeminal  ganglia. 

'  Strain  2,  13.  and  hybrid  F,  guinea  pigs. 

'^  For  naturally  infected  animals  this  was  the  time  after  virus  was  initially  detected  in  blood. 

''  Hartley  and  hybrid  F,  guinea  pigs. 


sions  from  kidney  or  salivary  gland.  Occa- 
sionally brain  tissues  of  some  animals 
showed  titers  as  high  as  those  in  whole 
blood.  Other  tissues,  including  lung  and 
liver  showed  titers  similar  to  those  in  kidney 
and  salivary  gland. 

In  naturally  infected  guinea  pigs  the  pres- 
ence of  virus  infection  was  initially  deter- 
mined by  isolation  of  virus  from  whole 
blood.  These  animals  were  sacrificed  1-15 
months  after  first  evidence  of  virus  infec- 
tion, and  virus  was  reisolated  from  the 
blood  of  all  animals  at  time  of  sacrifice. 
None  of  the  GPHLV-infected  animals 
showed  clinical  evidence  of  nervous  system 
or  other  disease  during  the  period  of  obser- 
vation . 

Microscopy  of  infected  tissues.  Light  mi- 
croscopy of  infected  tissues  from  both  natu- 
rally and  experimentally  infected  animals 
did  not  show  intranuclear  inclusions  or 
other  pathology.  Several  attempts  to  visual- 
ize viral  antigens  on  leukocytes  and  spleen 
cells  from  GPHLV-infected  guinea  pigs  us- 
ing indirect  fluorescent  antibody  techniques 
were  negative.  Following  electron  micro- 
scopic examination,  virions  were  not  found 
in  tissues  from  virus  positive  animals. 

Discussion.  The  present  study  showed 
that  in  natural  or  experimental  infection  of 
guinea  pigs  with  GPHLV,  virus  could  be 
isolated  in  similar  quantity  from  the  trigemi- 
nal ganglion  and  several  parts  of  the  brain. 
Virus  was  present  in  greater  quantity,  how- 
ever, in  blood,  spleen,  kidney,  and  salivary 


gland  than  in  the  brain.  In  previous  studies 
it  was  found  that  the  GPHLV  isolated  from 
the  blood  of  infected  guinea  pigs  was  associ- 
ated with  the  leukocytes  (10,  12).  Latent 
infection  of  GPHLV  in  guinea  pigs,  there- 
fore, may  be  somewhat  similar  to  EB  her- 
pesvirus infection  in  humans.  The  associa- 
tion of  virus  with  circulating  leukocytes 
could  explain  the  similarity  between  titers  in 
the  trigeminal  ganglia  and  in  the  different 
parts  of  the  brain  sampled,  without  localiza- 
tion to  any  particular  tissue.  If  virus  isolated 
from  the  neural  tissues  was  indeed  due  to 
contamination  by  leukocytes,  it  would  indi- 
cate the  importance  of  testing  for  the  pres- 
ence of  viremia.  Thus,  determination  of  vi- 
remia,  as  well  as  study  of  the  distribution  of 
virus  in  the  nervous  system,  would  be  neces- 
sary prior  to  demonstrating  the  localization 
of  a  virus  to  a  particular  part  of  the  nervous 
system. 

Infection  with  GPHLV  is  in  keeping  with 
some  of  the  concepts  of  latent  virus  infec- 
tion. Long-term  infected  guinea  pigs  are  ap- 
parently normal,  and  examination  of  in- 
fected tissues  by  light  and  electron  micros- 
copy has  not  revealed  evidence  of  histopa- 
thology  or  of  viral  inclusions  or  virions  (8. 
10).  Similarly,  infected  leukocytes  or  spleen 
cells  from  guinea  pigs  have  not  revealed 
evidence  of  viral  antigens  following  immu- 
nofluorescence testing.  Thus,  as  in  the  pres- 
ent experiment,  once  infection  has  been  ini- 
tiated, the  animals  are  chronically  but  sub- 
clinically  infected.  Demonstration  of  the 
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presence  of  virus  in  infected  tissues  has  been 
accomplished  only  by  primary  cultivation, 
or  cocultivation  with  susceptible  cells  of  in- 
tact infected  tissue  cells,  but  not  homoge- 
nates  of  infected  tissues  (6).  In  contrast, 
infection  with  guinea  pig  cytomegalovirus 
(GPCMV),  another  herpesvirus  of  guinea 
pigs,  is  quite  different  from  infection  of 
guinea  pigs  with  GPHLV.  In  a  separate 
study  we  found  that  intranuclear  inclusions 
and  virions  were  observed  in  tissues  of 
guinea  pigs  infected  with  GPCMV,  and  in- 
fectious virus  was  readily  isolated  only  from 
salivary  gland  (13). 

Summary.  Distribution  of  GPHLV  in  the 
trigeminal  ganglion,  brain,  and  other  tissues 
of  guinea  pigs  was  studied.  Virus  was  found 
in  suspensions  of  all  tissue  cells  from  natu- 
rally infected  guinea  pigs,  as  well  as  animals 
inoculated  ip  or  ic,  up  to  IS  months  after 
initiation  of  infection.  Evidence  of  virus  in- 
fection was  detected  by  cultivation  of  cells 
or  by  cocultivation  of  infected  cells  with 
susceptible  cell  cultures,  but  not  by  other 
methods  including  immunofluorescence  and 
electron  microscopy.  Quantitative  determi- 
nations of  virus  in  the  trigeminal  ganglia  and 
different  parts  of  the  brain  showed  infectiv- 
ity  titers  to  be  similar  in  these  tissues.  Since 
GPHLV  was  also  found  in  blood  and  in  high 
titer  in  spleen,  and  in  other  tissues  tested, 
isolation  of  virus  from  neural  tissues  may 


have  been  due  to  contamination  with  in- 
fected blood  leukocytes. 
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Inhibition  of  HCG-lnduced  Ovarian  and  Uterine  Weight  Augmentation  in  the 
Immature  Rat  by  Analogs  of  GnRH  (39413) 
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(Introduction  by  E.  T.  Kimura) 
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It  is  firmly  established  that  human  cho- 
rionic gonadotropin  (HCG)  increases  the 
sensitivity  of  the  immature  rat  ovary  to  ex- 
ogenous follicle  stimulating  hormone  (FSH) 
and  that  the  relationship  between  FSH  and 
ovarian  weight  as  shown  by  Steelman  and 
Pohley  (1)  is  linear.  The  reliance  of  ovarian 
weight  changes  following  augmentation  of 
FSH  by  HCG  has  gained  widespread  use  as 
a  quantitative  bioassay  for  the  measurement 
of  FSH  in  various  preparations  (1,  2). 

In  collaboration  with  Takeda  Industries, 
Ltd.,  we  demonstrated  in  a  number  of  stud- 
ies that  several  analogs  of  the  synthetic  de- 
capeptide ,  p-Glu-His-Trp-Ser-Tyr-Gly-Leu- 
Arg-Pro-GlyNHa  (GnRH),  have  intensified 
ovulation-inducing  and  gonadotropin-re- 
leasing  activity.  For  example,  replacement 
of  the  C-terminal  glycine  amide  of  GnRH 
with  various  alkylamines  resulted  in  a  three- 
to  fivefold  increase  in  ovulation  induction 
and  in  vitro  LH  and  FSH  release  (3-5).  At 
about  the  same  time,  Monahan  et  al.  (6) 
reported  that  [D-Ala®]-GnRH  was  also  more 
active  than  GnRH.  Subsequently,  we  re- 
ported that  analogs  containing  both  a  C- 
terminal  ethylamide  and  position  6  D-amino 
acid  modification  possessed  intense  biologi- 
cal activity  (7,8).  One  of  these  analogs,  [d- 
Leu«,  des-GlyNH2*^  Pro-ethylamide»]- 
GnRH  (I),  was  at  least  30  to  100  times 
more  active  than  GnRH  in  causing  gonado- 
tropin release  or  ovulation  in  either  the  ma- 
ture female  rat,  ewe,  or  estrous  rabbit  (9). 

On  the  basis  of  these  observations  we 
designed  experiments  to  determine  if  I  re- 
leased sufficient  FSH  in  vivo  to  allow  for 
augmentation  by  HCG  in  the  Steelman- 
Pohley  rat.  To  our  surprise,  large  doses  of  I 
inhibited  the  usual  ovariogenic  and  utero- 
tropic effects  of  HCG.  Thus,  this  report 
examines  in  detail  the  inhibitory  effect  of  I 
on  HCG  augmentation  and  describes  pre- 


liminary findings  with  other  analogs  of 
GnRH. 

Methods.  The  synthesis,  purification, 
characterization,  and  biological  properties 
of  the  peptides  studied  in  these  experiments 
were  reported  previously  (3,  7,  8). 
Sprague-Dawley  female  rats  were  obtained 
at  21  days  of  age  (Sprague-Dawley  Co., 
Madison,  Wis.)  and  maintained  in  colony 
cages  in  quarters  with  controlled  tempera- 
ture (26  ±  r)  and  lighting  (lights  on  5  am  to 
7  pm).  Tap  water  and  ground  laboratory 
chow  were  available  ad  libitum.  Hypophy- 
sectomized  rats  (Altech  Laboratory,  Madi- 
son, Wis.)  were  given  access  to  10%  glu- 
cose-saline in  place  of  tap  water.  Injections 
were  initiated  at  22  days  of  age  according  to 
the  procedures  of  Steelman  and  Pohley  (1). 
Each  rat  was  injected  sc  at  8  am  and  4  pm 
for  3  consecutive  days,  unless  indicated  oth- 
erwise. The  rats  were  killed  with  an  over- 
dose of  ether  at  25  days  of  age  and  the 
ovaries  and  uteri  removed,  cleaned,  and 
weighed  to  the  nearest  0.2  mg  on  a  Roller- 
Smith  balance.  One  group  of  animals  was 
injected  for  various  periods  of  time  and 
checked  twice  daily  for  vaginal  opening.  AU 
solutions  were  made  with  buffered  saline 
(10)  and  stored  at  4**.  In  most  cases,  HCG' 
and  the  peptide  or  the  gonadotropin  were 
administered  as  a  single  injection .  The  data 
were  analyzed  by  analysis  of  variance  and 
differences  between  treatments  compared 
using  orthoganol  contrasts  or  Duncan^s 
Multiple  Range  Test  (11). 

Results.  HCG  increased  both  ovarian  and 
uterine  weight  of  the  immature  rat  and  aug- 
mented the  effect  of  FSH  on  ovarian  weight 
(Table  I:  Expt.  1).  The  relatively  large  dose 
of  5  /Ltg  of  I  administered  during  the  3-day 
test  period  did  not  affect  ovarian  or  uterine 


'  Antuitrin  "S,"  Parke-Davis,  Detroit,  Michigan. 


432 


C  1976  by  the  Society  for  bxpcrimental  Biology  and  Medicine 
reserved. 


GHRH    INHIBITION    OF   HCG 


433 


TABLE  I.  Effect  of  [d-Leu«.  dcs-GLYNH,»»,  Pro-Ethylamide^J-GhRH  (I),  GnRH.  LH,  and  FSH  on 
Mean  Ovarian  and  Uterine  Weight  in  HCG-Augmented  Immature  Rats. 


GroupP 

Dose  of  peptide  (/xg/ 
rat) 

Ovarian  weight  (mg  ± 
SE) 

Uterine  weight  (mg  ± 
SEl 

Experiment  1 

Buffer 

— 

13.8  ±  0.6 

28.8  ±  2.0 

HCG 

— 

41.4  ±  0.3 

116  ±  4.4 

HCG  +  FSH  (90  yLgt 

- 

120  ±  21 

129  ±  7.4 

I 

5 

10.6  ±  0.2 

26.8  ±  2.0 

HCG  +  I 

0.008 

42.6  ±  2.3 

109  ±  8.0 

0.04 

41.6  ±  3.5 

100  ±  4.5 

0.2 

27.5  ±  0.6 

91.8  ±  8.7 

1 

17.2  ±  1.6 

41.6  ±  5.6 

5 

12.5  ±  1.3 

31.8  ±  2.0 

HCG  +  GnRH 

500 

20.2  ±  1.6 

96.4  ±  8.5 

2500 

15.8  ±  0.9 

38.6  ±  2.8 

Experiment  2 

HCG 

— 

37.3  ±  2.3 

110  ±4.4 

HCG  +  I 

5 

1 1 .4  ±  1 .0 

28.0  ±  2.2 

HCG  +  LH(12.5  Mg) 

— 

34.2  ±  1.0 

114  ±  4.9 

HCG  +  FSH  (90  tig) 

- 

82.2  ±  13 

118  ±  2.3 

HCG  +  LH  +  1 

5 

10.9  ±  0.9 

26.7  ±  1.2 

HCG  +  FSH  +  I 

5 

10.6  ±  0.9 

29.4  ±  3.2 

Experiment  3 

HCG 

— 

34.1  ±  2.6 

I 

5 

10.2  ±  0.9 

HCG  +  I  (-2  hry 

5 

10.8  ±  0.4 

(-4  hr) 

5 

11.8  ±  0.4 

(+2  hr) 

5 

1 1 .9  ±  1 .4 

(+4  hr) 

5 

10.8  ±  0.7 

HCG  (AM  only) 

— 

37.2  ±  2.2 

HCG  (AM)  +  I  (PM) 

5 

22.8  ±  2.0 

I  (AM)  +  HCG  (PM) 

5 

16.8  ±  1.0 

HCG  (Days  2  and  3) 

- 

20.6  ±  1.1 

I  (Day  1)  +  HCG 

5 

20.7  ±  1.3 

(Days  2  and  3) 

•  Five  rats  per  group.  Each  rat  received  50  lU  of  HCG.  All  animals  were  injected  twice  a  day  (22-24  days  of 
age)  unless  indicated  otherwise. 

^  Numbers  in  parenthesis  indicate  total  dose  per  rat. 
''  Time  interval  before  (+)  or  after  (-)  HCG  injection. 


weight  when  rats  did  not  receive  HCG  along 
with  the  peptide.  However,  dose  levels  of 
0.2  to  5  /Ltg  of  I  effected  a  dose  response 
inhibition  {P  <  0.01)  of  the  increases  in 
ovarian  and  uterine  weight  induced  by 
HCG.  At  the  5-/xg  dose  of  I,  ovarian  and 
uterine  weights  were  not  significantly  differ- 
ent from  buffer  controls.  GnRH,  injected  at 
much  higher  levels,  was  also  inhibitory. 

The  inhibitory  effect  of  I  also  occurred 
when  rats  received  either  exogenous  LH  in 
addition  to  HCG,  or  when  FSH  was  aug- 
mented by  HCG  (Expt.  2).  In  Expt.  3, 
when  I  was  injected  either  2  or  4  hr  before 
or  after  HCG,  ovarian  augmentation  was 
inhibited  to  the  same  extent  as  when  both 
hormones  were  administered  together.  In- 


jecting I  at  8  AM  and  HCG  at  4  pm  resulted 
in  a  greater  inhibition  of  ovarian  augmenta- 
tion \P  <  0.05)  than  when  the  sequence  was 
reversed.  Moreover,  when  the  total  dose  of 
I  was  given  on  Day  1  and  HCG  on  Days  2 
and  3  of  the  treatment  period,  inhibition  of 
ovarian  weight  augmentation  did  not  occur. 
Increasing  the  3-day  augmenting  dose  of 
HCG  from  50  to  5bO  lU  did  not  overcome 
the  inhibition  by  I  of  ovarian  weight  in- 
crease (Table  II).  Moreover,  graded  levels 
of  exogenous  LH  (10,  20,  and  40  /Ltg)  did 
not  affect  ovarian  weights  of  control  or 
HCG-treated  rats.  Hypophysectomy  did  not 
alter  the  inhibitory  effect  of  I  as  relative 
changes  in  ovarian  weight  were  similar  to 
those  in  intacts  (Table  III). 
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TABLE  II.  Effect  of  HCG,  LH,  and  [d-Leu*,  dcs-Gly  NH,*®,  PRO-ETHYLAMiDE*}-GnRH  (I)  on 
Ovarian  Weight  (Mean  ±  SE)  in  Immature  Rats." 


- 

Dose  of  HCG  (lU/ral) 

0 

50 

500 

0 

11.7  ± 

1.3 

38.4 

±4.1 

34.6  ± 

2.9 

0.32 

19.9 

±0.9 

21.5  ± 

1.9 

I  (Mg/rat) 

0.80 

16.2 

±  1.7 

17.4  ± 

1.5 

2.0 

14.8 

±  1.4 

13.6  ± 

0.8 

5.0 

10.3  ± 

0.8 

11.9 

±0.7 

11.0  ± 

0.6 

0 

13.8  ± 

0.8 

37.3 

±  2.2 

10 

13.4  ± 

0.3 

41.2 

±  2.2 

LH*  (Mg/rat) 

20 

13.6  ± 

0.4 

42.0 

±3.9 

40 

14.8  ± 

0.8 

36.1 

±  4.7 

Injected  twice  daily:  22-24  days  of  age. 
Potency  of  1.6  x  NIH-LH-Sl. 


TABLE  III.  Mean  Ovarian  Weights  in  Intact  and  Hypophysectomized  Immature  Rats  after 
Gonadotropin  and  [d-Lcu®,  des-Gly  NH,*®,  PRO-ETHYLAMiDE*)-GnRH  (I)  Treatment. 


Intact 

Hypophysectomized 

Groupi" 

No.  rats 

Ovarian  weight  (mg 
±  SE) 

No.  rats 

Ovarian  weight  (mg 
±  SE) 

Control 
HCG  (50  lU) 
HCG  +  FSH(180/Mg) 
HCG  +  I  (5  Mg) 

15 

15 

5 

15 

15.0  ±  0.5 

51.6  ±  3.2 

121.0  ±  11.0 

15.2  ±  1.0 

18 

11 

6 

14 

5.5  ±  0.3 
12.5  ±  1.4 
37.2  ±  5.4 

4.7  ±  0.3 

"  Injected  twice  daily:  22-24  days  of  age. 

Table  IV  shows  that  both  HCG  and  HCG 
-I-  I  injected  on  Days  22-24  of  age  signifi- 
cantly (P  <  0.01)  advanced  the  age  at  vagi- 
nal opening  (29  vs  40  days  for  both  controls 
and  I  alone,  respectively).  Twice  a  day  ad- 
ministration of  0.05  or  0.5  /Ltg  of  I  on  Days 
22-3 1  of  age  also  resulted  in  a  significant  {P 
<  0.01)  reduction  in  age  at  vaginal  opening 
(36  vs  40  days  for  controls).  However,  con- 
tinuing the  twice  daily  injections  until  pu- 
berty effected  a  5-day  delay  in  vaginal  open- 
ing at  0.5  /xg  {P  <  0.01),  but  not  at  the 
0.05-/Ltg  dose. 

That  inhibition  of  ovarian  augmentation 
in  the  HCG  model  is  not  limited  to  one 
analog  of  GnRH  is  shown  in  Table  V.  For 
example,  [o-Ala®,  des-GlyNH2*®,  Pro-ethy- 
Iamide®]-GnRH  (analog  IV),  another  po- 
tent agonist  of  GnRH,  was  as  active  as  I  in 
inhibiting  HCG  augmentation.  Two  less  ac- 
tive agonists  of  GnRH,  [des-GlyNH2»^  Pro- 
ethylamide»]  (II)  and  [D-Leu«]  (III),  also 
inhibited  HCG  augmentation  but  to  a  lesser 
extent  than  either  I  or  IV.  In  contrast,  the 
des-His^  analog  of  [D-Leu®]-GnRH  (analog 
V)  increased  ovarian  weight  at  1  and  5  /Ltg 


(P  <  0.05)  as  did  the  des-His*  analog  of  1 
(analog  VI)  at  the  0.2-/Ltg  dose  level. 

Discussion.  In  addition  to  an  intense  go- 
nadotropin agonist  activity,  [d-Lcu*,  des- 
GlyNH2>^  Pro-ethylamide»]-GnRH  (I)  ex- 
erts a  pronounced  inhibition  of  ovarian  and 
uterine  augmentation  of  HCG  in  the  imma- 
ture rat,  as  demonstrated  in  the  present  ex- 
periments. This  surprising  biological  effect 
was  dose-related.  Moreover,  the  peptide  ef- 
fectively inhibited  ovarian  and  uterine 
weight  increase  when  injected  either  with  or 
at  a  site  separate  from  HCG,  or  when  ad- 
ministered up  to  4  hr  before  or  after  HCG. 
An  interval  of  8  to  16  hr  between  injection 
of  I  and  HCG,  regardless  of  which  was  given 
first,  resulted  in  a  lesser  inhibition  of  HCG 
augmentation  than  at  reduced  intervals. 
Moreover,  a  level  of  HCG  10  times  that 
normally  used  in  the  Steelman-Pohley 
bioassay  model  for  FSH  did  not  reduce  the 
inhibitory  effect  of  I.  The  increase  in  ovar- 
ian weight  after  HCG  augmentation  of  ex- 
ogenous FSH  was  also  inhibited  by  the  ana- 
log. 

The  mechanism  whereby  I  inhibited  ovar- 
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1  uterine  augmentation  of  HCG  in  the 
t  studies  remains  obscure.  Johnson 
allampati  (12)  observed  that  the  im- 
I  23-day-old  rat  released  large  quanti- 
both  FSH  and  LH  when  injected  ip 
relatively  low  level  of  GnRH  (40  ng). 
^er,  in  our  experiments  exogenous 
.5-64  fjLg  of  activity,  per  rat)  did  not 
3varian  weight  either  in  the  presence 
*nce  of  HCG,  suggesting  that  the  in- 
y  effect  of  I  on  HCG  augmentation 
e  extrapituitary,  possibly  uterine  or 
1.  In  support  of  this  supposition,  we 
ed  that  I  also  inhibited  HCG  augmen- 
in  the  hypophysectomized  rat.  It  is 
y  that  sufficient  residual  gonadotro- 
3resent  in  the  acutely  hypophysecto- 
rat  which  accounts  for  a  response 
to  that  observed  with  the  intact  ani- 
loreover,  we  recently  observed  (un- 
led)  that  I  effectively  inhibited  ovar- 
[ght  augmentation  of  HCG  in  mature 
10  weeks  after  hypophysectomy. 
irtheless,  the  inhibition  of  HCG-in- 
Dvarian  and  uterine  augmentation  by 
)ther  analogs  of  GnRH  was,  in  gen- 
roportional  to  their  intrinsic  LH  and 
leasing  activities  reported  previously 
In  the  immature  male  rat,  0.5  fig  of 
ic  GnRH  administered  once  daily  for 
cs  significantly  decreased  accessory 
organ  weight  (13).  These  workers 
ed  evidence  that  the  response  was 
to  altered  steroid  biosynthesis.  Re- 
Banik  and  Givner  (14)  reported  that 
IV  (our  designation)  advanced  ovu- 
in  the  diestrous  rat  and  prevented 

£  IV.  Influence  of  [d-Lcu®,  des-GlyNH2'**, 
«YLAMiDE*]-GnRH  (I)  AND  HCG  ON  Age  at 
.GiNAL  Opening  in  the  Immature  Rat. 


Dose  of 

I  per  in- 

Days of 

Age  at  vagi- 

jection 
(Mg/rat) 

age  in- 

nal opening 
(mean  ±  SE) 

)up^ 

jected 

_ 

22-24 

40.0  ±  0.4 

oiuy 

— 

22-24 

29.2  ±  0.4 

I 

0.83 

22-24 

29.4  ±  0.4 

0.83 

22-24 

39.6  ±  0.3 

0.05 

22-31 

36.2  ±  0.4 

0.5 

22-31 

36.2  ±  0.5 

0.05 

2 2 -open 

40.2  ±  1.2 

0.5 

2 2 -open 

45.0  ±  2.0 

)  rats  per  group  injected  daily  at  8  am  and  4 
il  dose  per  rat. 


TABLE  V.  Effect  of  Various  Analogs  of 

GnRH  on  HCG-Augmentation  of  Ovajuan 

Weight  (mg  ±  SE)  in  the  Immature  Rat. 


Total  dose  of  peptide  (^tg/raty 


Peptide 


0.2 


1.0 


5.0 


I  27.4  ±  1.3 

II  38.4  ±  3.0 

III  32.0  ±  1.3 

IV  25.9  ±  2.4 
V  34.8  ±  2.7 

VI  42.0  ±  3.5 


18.2  ±  1.4  11.9  ±  0.3 

30.2  ±  1.8  22.2  ±  1.6 

24.6  ±  2.4  17.6  ±  2.0 

18.3  ±  1.8  13.2  ±  1.5 
42.0  ±  3.0  47.2  ±  4.2 

39.7  ±  3.6  37.8  ±  2.3 


100  Mg 


500  Mg 


GnRH 


22.4  ±  0.93      16.1  ±  1.1 


"  Five  rats  per  group  injected  at  8  am  and  4  pm  for  3 
consecutive  days.  Ovarian  weight  of  HCG  controls  (50 
lU/rat)  was  33.3  ±  2.0  mg. 

Peptide  I:  [i>-Leu«,  des-GlyNH,'**,  Pro-ethylamide»]- 
GnRH;  Peptide  II:  [des-GlyNH,•^  Pro-ethylamide»]- 
GnRH;  Peptide  III:  [D-Leu«l-GnRH;  Peptide  IV:  [d- 
Ala«,  des-GlyNH,•^  Pro-ethylamide»)-GnRH;  Peptide 
V:  [des-His*,  D-Leu'J-GnRH;  Peptide  VI:  [des-His*,  d- 
Leu«,  des-GlyNH,•^  Pro-ethylamide»]-GnRH . 

mating  behavior  and  pregnancy  during  the 
ensuing  expected  estrus  period.  It  was  sug- 
gested that  this  antifertility  effect  was  the 
result  of  a  change  in  ovarian  steroidogenesis 
as  measured  by  vaginal  cytology.  In  our 
studies  vaginal  opening  was  delayed  5  days 
when  0.5  /xg  of  I  was  administered  twice  a 
day  from  22  days  of  age,  but  advanced  4 
days  if  the  peptide  injections  terminated  at 
32  days  of  age.  In  another  series  of  experi- 
ments (Johnson  et  al.y  in  press),  chronic 
administration  of  I  inhibited  normal  ovarian 
growth,  maturation,  and  vaginal  opening  in 
the  immature  rat,  and  prevented  normal  cy- 
cling and  caused  atrophy  of  the  ovaries  and 
uterus  in  mature  animals.  These  results  to- 
gether with  the  work  of  others  suggest  an 
effect  of  large  doses  of  I  on  ovarian  ste- 
roidogenesis, but  do  not  indicate  if  the 
mechanism  is  direct. 

In  conclusion,  we  have  demonstrated  a 
pronounced  negative  relationship  between 
the  dose  of  potent  agonists  of  GnRH  and 
the  ability  of  HCG  to  augment  ovarian  and 
uterine  weight  in  the  immature  rat.  It  re- 
mains to  be  demonstrated  if  this  effect  in- 
volves other  endocrine  organs,  such  as  the 
pineal  or  adrenal,  or  if  the  analogs  act  di- 
rectly on  ovarian  or  uterine  tissue. 

Summary.  Experiments  were  conducted 
to  study  the  inhibitory  effect  of  large  doses 
of  a  few  analogs  of  GnRH  on  ovarian  and 
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Uterine  weight  in  the  immature  rat.  In  most 
experiments  the  21 -day-old  HCG-primed 
animal  was  used.  Extensive  study  of  [o-Leu®, 
des-GlyNH2>^  Pro- ethylamide»]- GnRH 
(I)  indicated  that  ovarian  weight  increase 
induced  by  HCG  was  inhibited  in  both  the 
intact  and  hypophysectomized  rat.  Increas- 
ing the  augmenting  dose  of  HCG  from  50  to 
500  lU  in  the  intact  animal  did  not  over- 
come the  inhibitory  effect  of  I.  Further- 
more, twice-a-day  injections  of  I  into  nor- 
mal immature  rats  from  22  to  31  days  of  age 
significantly  advanced  puberty;  however, 
when  injections  were  continued  until  pu- 
berty, vaginal  opening  was  significantly  de- 
layed. In  general,  the  inhibitory  effect  of 
other  analogs  of  GnRH  in  the  HCG  model 
was  proportional  to  their  intrinsic  LH  and 
FSH  releasing  activities.  These  data  consti- 
tute direct  evidence  that  large  doses  of  the 
intensely  active  analogs  of  GnRH  have  in- 
hibitory effects  on  the  ovary,  uterus,  and 
reproductive  function  in  the  rat. 

1.  Steelman,  S.  L.,  and  Pohley,  F.  M.,  Endocrinol- 
ogy 53,  604  (1953). 

2.  Igarashi,  M.  and  McCann,  S.  M.,  Endocrinology 
74,440(1964). 

3.  Fujino,  M.,  Kobayashi,  S.,  Obayashi.  M.,  Shina- 
gawa,  S.,  Fukuda.  T..  Kitada.  C,  Nakayama,  R., 
Yamasazki,  I.,  White,  W.  F.,  and  Rippel,  R.  H., 
Biochem.  Biophys.  Res.  Commun.  49,  863 
(1972). 


4.  Fujino,  M.,  Shinagawa,  S.,  Yamazaki,  I..  Kobay- 
ashi,  S..  Obayashi,  M.,  Fukuda.  T.,  Nakayama. 
R.,  White,  W.  F.,  and  Rippel,  R.  H.,  Arch.  BJo- 
chem.  Biophys.  154,488  (1973). 

5.  Rippel,  R.  H.,  Johnson,  E.  S.,  White,  W.  F, 
Fujino,  M.,  Yamazaki,  I.,  and  Nakayama.  R.. 
Endocrinology  93,  1449  (1973). 

6.  Monahan,  M.,  Amoss,  M.S.,  Anderson,  H.  A., 
and  Vale,  W.,  Biochemistry  12,  4616  (1973). 

7.  Fujino,  M.,  Yamazaki,  I..  Kobayashi.  S..  Fukuda. 
T.,  Shinagawa,  S.,  Nakayama,  R.,  White,  W.  F.. 
and  Rippel,  R.  H.,  Biochem.  Biophys.  Res.  Com- 
mun. 57,  1248(1974). 

8.  Fujino,  M.,  Fukuda,  T.,  Shinagawa,  S.,  Kobay- 
ashi, S.,  Yamazaki,  I.,  Nakayama,  R.,  Seely.  J. 
H.,  White,  W.  F.,  and  Rippel,  R.  H.,  Biochem. 
Biophys.  Res.  Commun.  60,  406  (1974). 

9.  Rippel,  R.  H.,  Johnson,  E.  S.,  White,  W.  F. 
Fujino,  M.,  Fukuda,  T.,  and  Kobayashi,  S..  Proc. 
Soc.  Exp.  Biol.  Med.  148,  1193  (1975). 

10.  White,  W.  F.,  Hedlund,  M.  T..  Rippel,  R.  H.. 
Arnold,  W.,  and  Flouret,  G.  R.,  Endocrinology 
93,96(1973). 

1 1 .  Steel,  R.  G.  D.,  and  Tome,  J.  H.,  in  '-Prindpks 
and  Procedures  of  Statistics.*'  McGraw-Hill,  Scv, 
York  (1960). 

12.  Johnson,  D.  C,  and  Mallampati.  R.  S.,  Life  Sci. 
15,793(1974). 

13.  Oshima,  H.,  Nankin,  H.  P.,  Fan,  D.,  Troen,  P.. 
Yanaihara,  T.,  Niizato.  N.,  Yoshida,  K.,  and 
Ochiai,  K.,  Biol.  Reprod.  12,  491  (1975). 

14.  Banik,  V.  K,  and  Givner,  M.  L.,  J.  Reprod.  Fen. 
44,87(1975). 

Received  January  20,  1976.  P.S.E.B.M.  1976,  Vol 
152. 


raocEEoiNcs  or  the  soaETY  roi  expemmental  mology  and  medicine  152,  437-440  (1976) 
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Pneumococcal  sepsis  is  associated  with 
decreased  plasma  albumin  concentration 
and  increased  acute  phase  globulin  synthesis 
(1-3)  even  in  protein  deficient  or  starved 
animals,  implying  that  altered  plasma  pro- 
tein metabolism  is  a  fundamental  host  re- 
sponse to  infection.  Hepatic  peroxisome 
content  is  decreased  during  pneumococcal 
sepsis;  and  it  has  been  suggested  that  the 
increased  acute  phase  serum  protein  synthe- 
sis occurs  at  the  expense  of  peroxisomal 
protein  synthesis  (4).  Increased  cholesterol- 
genesis  (5)  and  triglyceride  synthesis  (6) 
have  also  been  reported  to  occur  in  pneu- 
mococcal infection.  The  inverse  relationship 
between  hepatic  peroxisomal  content  and 
lipid  metabolism  during  infection  may  be 
more  than  coincidence  in  that  peroxisomes 
are  thought  to  control  intracellular  choles- 
terol level  by  regulating  its  degradation  (7) 
and  drugs  which  lower  serum  cholesterol 
and  triglyceride  concentration  induce  he- 
patic peroxisomal  proliferation  (8).  Clofi- 
brate (ethyl-p-chlorophenoxyisobutyrate), 
an  antihyperlipidemic  agent  produces  dia- 
metrically opposite  changes  in  metabolism 
compared  to  pneumococcal  sepsis,  i.e.,  in- 
creased plasma  albumin  concentration  and 
decreased  acute  phase  globulin  levels  (9), 
increased  catalase  synthesis  (10),  and  de- 
creased plasma  cholesterol  and  triglyceride 
concentrations  (11).  It  was  therefore  of  in- 
terest to  ascertain  whether  clofibrate  would 
mute  or  enhance  the  severity  of  pneumococ- 
cal sepsis  in  rats. 

Materials  and  methods,  Fisher  Dunning 
rats  (Microbiological  Associates,  Walkers- 

'  In  conducting  the  research  described  in  this  report, 
the  investigators  adhered  to  the  "Guide  for  the  Care 
and  Use  of  Laboratory  Animals/'  as  promulgated  by 
the  Committee  on  Revision  of  the  Guide  for  Labora- 
tory Animal  Facilities  and  Care  of  the  Institute  of 
Laboratory  Animal  Resources,  National  Research 
Council.  The  facilities  are  fully  accredited  by  the 
American  Association  of  Accreditation  of  Laboratory 
Animal  Care. 


ville,  Md.)  weighing  150-200  g  were  housed 
in  a  room  maintained  at  25-28**  and  were 
fed  ad  libitum  on  commerical  rat  chow  (Pur- 
ina). Clofibrate,  provided  by  Dr.  George 
Brice  (Ayerst  Laboratories,  N.Y.)  was  dis- 
solved in  95%  ethanol  and  added  to  ground 
commercial  chow  on  a  wt/wt  basis.  The 
drug-treated  chow  was  allowed  to  air-dry  to 
remove  the  ethanol  before  being  fed  to  the 
rats.  Virulent  Streptococcus  pneumoniae 
type  1,  strain  5,  served  as  the  infectious 
agent.  Infection  was  initiated  by  the  sc  injec- 
tion of  the  requisite  number  of  organisms  in 
0.1  ml  of  saline.  Bacteremia  was  quanti- 
tated  by  plating  0.1  ml  of  serial  10-fold 
dilutions  of  whole  blood  onto  blood  agar 
plates  and  counting  the  resulting  colonies 
after  24  hr  of  incubation  at  37**.  Plasma 
chlorophenoxyisobutyrate  (CPIB)  content 
was  determined  by  the  spectrophotometric 
method  of  Barret  and  Thorpe  (11).  Clofi- 
bric  acid  for  standardization  was  obtained 
from  Dr.  Dvornik  (Ayerst  Laboratories, 
Montreal,  Canada). 

For  carbon  clearance  studies  rats  were 
lightly  anesthetized  with  halothane  and  then 
injected  via  the  dorsal  penile  vein  with  a 
suspension  of  colloidal  carbon  (Pelikan  ink, 
Gunther  Wagner)  at  a  dose  of  8  mg/100  g 
body  wt.  At  various  intervals  25-/Ltl  blood 
samples  were  obtained  from  the  tail  vein, 
mixed  with  2.0  ml  of  0.1%  NazCOj,  and  the 
optical  density  measured  at  620  nm.  The 
clearance  rate  {K)  was  calculated  according 
to  Gorelkin  and  Jahrling  from  the  formula 
K  =  log  Ci  -  log  C2A2  -  ii'  Ci  and  C2  are 
colloidal  carbon  concentrations  in  mg/100 
ml  of  blood,  C  =  O.D.620  x  48.5,  and/,  and 
^2  are  times  of  sampling  in  minutes  (12). 

Results.  Rats  were  fed  a  normal  diet  or 
one  containing  either  0.25  or  1.25%  clofi- 
brate (wt/wt)  for  1  week  before  challenge 
with  3  X  10^  5.  pneumoniae  injected  sc.  All 
untreated  rats  were  dead  in  7  days,  while  5 
of  20  fed  the  0.25%  diet  and  17  of  20  fed 
the  1 .25%  diet  survived  (Fig.  1).  Clofibrate 
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Fig.   1 .  Effect  of  dietary  clofibrate  on  survival  in  rats  inoculated  with  5.  pneumoniae. 


was  removed  from  the  diet  7  days  postinfec- 
tion and  3  weeks  later  the  survivors  plus  a 
new  set  of  controls  were  challenged  with  2 
X  KP  organisms  of  the  same  strain  of  5. 
pneumoniae.  All  control  rats  died  within  3 
days,  only  1  of  5  of  those  rats  which  origi- 
nally had  been  on  the  0.25%  diet  survived 
while  11  of  17  of  those  that  had  been  on  the 
1.25%  diet  survived. 

Since  clofibrate  protected  some  rats 
against  death  due  to  pneumococcal  sepsis, 
another  set  of  control  and  drug-treated 
(1 .25%)  rats  were  inoculated  sc  with  \(fi  S. 
pneumoniae  and  animals  were  sacrificed  at 
24-hr  intervals  to  determine  bacteremia. 
Pretreatment  with  clofibrate  caused  a  signif- 
icant decrease  in  bacteremia  at  48  hr  as  well 
as  a  decrease  in  the  number  of  animals  with 
bacteremia.  Although  both  the  number  of 
bacteria/ml  blood  and  the  number  of  rats 
with  positive  cultures  were  equally  low  in 
the  drug-treated  group  at  72  hr,  no  statisti- 
cally significant  difference  was  measurable 
owing  both  to  the  paucity  of  survivors  in  the 
untreated  group  and  the  large  standard  de- 
viation in  the  drug-treated  groups  (Table  I). 

Since  clofibrate  not  only  protected  rats 
against  5.  pneumoniae  infection  but  also  de- 
creased the  incidence  and  extent  of  bactere- 
mia, plasma  from  rats  fed  various  levels  of 
dietary  clofibrate  were  tested  to  determine 
if  the  drug  had  a  bactericidal  or  bacterio- 
static activity.  Nine-hundred  5.  pneumoniae 
were  incubated  with  plasma;  samples  were 


TABLE  I.  Bacteremia"  after  Subcutaneous 
Injection  of  10*  5.  Pneumoniae. 


Control 

1.25%  Clofibrate 

No.  pos- 

No. pos- 

Time 

Log  ti- 

itive/to- 

Log ti- 

itive/to- 

(hr) 

ter/ml 

tal 

ter/ml 

tal 

24 

0 

0/5 

0 

0/5 

48 

5.2 

5/5 

3.8* 

3/5 

72 

5.7 

3/3 

3.9 

3/5 

96 

No  survivors 

0 

0/3 

"  Bacteremia  determined  in  duplicate. 
*  P  <  0.01  vs.  control. 


withdrawn  for  plating  at  30  min  and  3  hr. 
There  was  no  change  in  bacterial  count  after 
30-min  incubation,  indicating  that  the  active 
form  of  clofibrate  in  the  plasma  (CPIB) 
does  not  have  bactericidal  activity.  The 
comparable  growth  evident  at  3  hr  in  all 
instances  indicated  that  CPIB  does  not  have 
a  bacteriostatic  effect  (Table  II). 

Since  clofibrate  at  the  levels  used  in  this 
study  induces  hepatomegaly,  it  is  possible 
that  clofibrate  might  induce  a  proliferation 
of  the  reticuloendothelial  system  as  well  and 
thus  enhance  the  phagocytosis  of  the  S. 
pneumoniae.  As  can  be  seen  in  Fig.  2  the 
rate  of  clearance  of  colloidal  carbon  from 
the  blood  of  rats  fed  clofibrate  for  10  days 
was  the  same  as  that  of  control  rats.  The  K 
value  for  control  rats  was  0.035  ±  0.008 
(mean  ±  SD),  a  value  similar  to  that  previ- 
ously reported  for  normal  rats  (13). 

Discussion.  Clofibrate  added  to  the  diet 
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-E  II.  Plasma  CPIB  Content  and 
Antibacterial  Activity. 


Plasma  CPIB  fig/mP 


Organisms/ 
mr+  SE* 


Mean 

±  SE 

Range 

30  min 

3hr 

__ 

_ 

1095 

3148 

±140 

±472 

33 

(28-44) 

1095 

2856 

±5 

±260 

±723 

109 

(86-174) 

1035 

2592 

±8 

±95 

±476 

246 

(114-372) 

1165 

2856 

±31 

±250 

±728 

Nine-tenths  milliliter  of  plasma  was  mixed 
3f  saline  containing  900  5.  pneumoniae  and 
37°.  Duplicate  0.2-ml  samples  were  taken 
d  3  hr;  bacteria  were  quantitated  by  plating 
iai  10-fold  dilutions  onto  blood  agar  plates 
I  the  resulting  colonies  after  24  hr  of  incu- 
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"arbon  clearance  in  normal  rats  and  in 
irious  amounts  of  clofibrate  in  the  diet. 

k  prior  to  infection  with  S.  pneu- 
rotects  some  rats  from  what  would 

be  a  uniformly  lethal  infection, 
ige  of  the  survivors  with  the  same 
5.  pneumoniae  in  the  absence  of 

indicates  that  many  of  the  rats 
^  had  been  exposed  to  sufficient 
mass  to  induce  immunity.  Despite 
3megaly  induced  by  clofibrate,  it  is 
[lat  the  drug  diminishes  bacteremia 

by  enhancing  the  phagocytosis  of 


the  bacteria  since  carbon  clearance,  an  indi- 
cator of  phagocytic  activity,  is  unaltered  in 
drug-treated  rats.  Nor  is  there  any  consist- 
ent, significant  effect  of  the  drug  on  total 
leukocyte  or  differential  count  which  might 
account  for  the  protection  afforded.  It  is 
apparent  that  although  plasma  containing 
the  active  form  of  the  drug  is  neither  bacte- 
ricidal nor  bacteriostatic  in  vitro ,  clofibrate 
still  decreases  the  incidence  and  extent  of 
bacteremia  in  vivo.  Although  clofibrate 
does  not  exhibit  bactericidal  or  bacterio- 
static action  in  vitro,  it  is  nonetheless  still 
possible  that  the  drug  may  deleteriously  af- 
fect the  metabolism  of  bacteria  which  are 
growing  within  an  animal  or  restrict  the 
availability  of  substrate,  thereby  lessening 
microorganism  replication.  Grossberg  et  al. 
(14)  have  proposed  that  clofibrate  decreases 
viral  replication  in  some  instances  by  limit- 
ing the  supply  of  lipids  necessary  for  virus 
membrane  formation.  Weinberg  (15)  has 
suggested  that  the  decrease  in  plasma  iron 
which  occurs  in  numerous  infectious  ill- 
nesses may,  at  least  in  some  instances,  be 
beneficial  to  the  host  in  restricting  microbial 
growth.  Clofibrate  does,  in  fact,  occasion  a 
decrease  in  plasma  iron  concentration  and 
in  that  of  zinc,  iron,  and  copper  (unpub- 
lished data),  as  well  as  decreasing  plasma 
cholesterol  and  triglyceride  concentrations 
(11)  and  altering  serum  protein  patterns 

(9). 

The  precise  mechanism  of  action  of  clofi- 
brate's  protection  against  pneumococcal 
sepsis  in  the  rat,  as  well  as  the  implications 
of  this  protection  as  regarding  the  essen- 
tially of  certain  of  the  host's  responses  to 
infection  (1-6),  remains  to  be  determined. 

Summary.  Clofibrate,  nominally  an  anti- 
hyperlipemic  agent,  added  to  the  diet  for  a 
week  prior  to  the  inoculation  of  rats  with  5. 
pneumoniae  protected  some  of  the  rats  from 
what  would  normally  be  a  uniformly  lethal 
infection.  Plasma  from  clofibrate-treated 
rats  was  neither  bactericidal  nor  bacterio- 
static, yet  drug-treated  rats  displayed  signifi- 
cantly diminished  incidence  and  extent  of 
bacteremia.  Clofibrate  does  not  alter  carbon 
clearance,  thus  it  is  unlikely  that  clofibrate 
affords  protection  through  enhanced  reticu- 
loendothelial removal  of  microorganisms. 
The  mechanism  and  implications  of  clofi- 
brate protection  remain  to  be  determined. 
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:  effect  of  Stress  on  endocrine  control 
misms  is  receiving  increased  attention, 
il  investigators  have  demonstrated 
various  stressors  can  increase  serum 
:tin  levels  in  both  male  and  female  rats 
than  on  the  afternoon  of  proestrus  (1- 
le  elevated  serum  prolactin  levels  on 
temoon  of  proestrus  were  not  affected 
least  one  commonly  used  stress,  ether 
(2,7).  Stress  has  been  associated  with 
-ed  reproductive  performance  in  many 
s.  These  effects  of  stress  on  reproduc- 
lave  included  blockage  of  sexual  cy- 
lecreased  implantation  rates,  and  in> 
d  embryonic  mortality  (8-11).  Al- 
ii stress  is  usually  associated  with  in- 
d  serum  prolactin  concentrations,  re- 
lata  from  our  laboratory  showed  de- 
d  serum  prolactin  and  inhibition  of 
ion  in  female  rats  given  restraint 
on  the  afternoon  of  proestrus  (12).  In 
3n  a  recent  study  has  indicated  that 
stress  can  inhibit  prolactin  release  in 
1  the  afternoon  of  proestrus  (13).  The 
It  study  was  undertaken  to  determine 
feet  of  stressors  of  varying  intensities 
)lactin  secretion  in  rats  in  a  variety  of 
•logical  states,  including  cycling,  cas- 
1,  pregnancy,  and  lactation. 
erial  and  methods.  Young  adult  (4-8 
is)  female  Long-Evans  (Blue-Spruce 
,  Almont,  N.Y.)  were  used  in  these 
s.  The  rats  were  housed  in  a  tempera- 
Dntrolled  (72  ±  2**?)  and  artificially 
i  (12-hr  light  cycle)  room  and  main- 

on  Wayne  Lab-Blox  and  water  sup- 
id  libitum.  Daily  vaginal  smears  were 

Only  rats  exhibiting  at  least  two  nor- 

tported  in  part  by  Grants  No.  AG-00441  from 
ional  Institute  of  Aging,  No.  AM  04484  from 
ional  Institute  of  Arthritis  and  Metabolic  Dis- 
nd  No.  CA  10771  from  the  National  Cancer 

'lished  with  the  approval  of  the  Michigan  State 
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So.  7419. 


mal  estrous  cycles  before  experimentation 
were  included  in  the  study. 

All  blood  samples  were  collected  by  or- 
bital sinus  puncture.  The  volume  of  each 
blood  sample  was  about  1  ml.  The  adequacy 
of  orbital  sinus  bleedings  in  the  determina- 
tion of  "control  or  nonstressed"  serum  pro- 
lactin concentrations  was  studied  by  com- 
paring serum  prolactin  in  blood  samples 
taken  by  orbital  sinus  and  by  rapid  decapita- 
tion techniques.  At  4  pm  on  the  days  of 
estrus,  proestrus,  and  diestrus  Day  2,  indi- 
vidual rats  were  rapidly  transferred  from 
their  cages  directly  into  ether  chambers  and 
an  orbital  sinus  blood  sample  was  taken  be- 
tween 40  and  60  sec  after  initial  animal 
disturbance  (designated  as  a  1-min  blood 
sample).  The  rats  were  returned  to  their 
cages.  At  4  pm  on  the  third  estrous  cycle 
after  orbital  sinus  sampling,  the  same  rats  at 
the  same  stages  of  their  estrous  cycles  were 
individually  removed  from  their  cages, 
transported  to  an  adjacent  room  and  a 
blood  sample  was  taken  by  decapitation 
within  15  sec  of  animal  disturbance. 

Separate  groups  of  rats  at  proestrous,  es- 
trous, and  diestrous  2  stages  of  their  ovarian 
cycles  were  subjected  to  one  of  three  types 
of  stressors:  ether  vapor,  ether  vapor  plus 
serial  bleeding,  and  restraint.  Rats  exposed 
to  ether  vapor  stress  were  removed  from 
their  cages  and  placed  in  ether  chambers. 
Following  anesthesia,  they  were  removed 
from  the  chambers  and  allowed  to  regain 
consciousness.  The  same  rats  were  then  re- 
introduced into  the  ether  chambers  at  8, 15, 
and  25  min  after  removing  them  from  their 
cages.  A  single  blood  sample  was  taken  by 
orbital  sinus  puncture  after  the  25-min  anes- 
thesia. Control  prolactin  levels  for  this  ex- 
periment were  measured  in  orbital  sinus 
blood  taken  within  1  min  of  animal  disturb- 
ance from  separate  groups  of  rats.  The  sec- 
ond stress,  ether  vapor  plus  serial  bleeding, 
utilized  the  same  anesthesia  scheme  as  de- 
scribed for  ether  vapor  stress,  except  serial 


441 


O  1976  by  the  Society  for  Experimental  Biology  and  Medicine 
:$erved. 


442 


STRESS    AND    SERUM    PROLACTIN 


blood  samples  were  taken  by  orbital  sinus 
puncture  at  each  anesthesia  interval  (1,8, 
15,  and  25  min).  Prolactin  concentrations  in 
the  1-min  blood  sample  was  designated  as 
the  controls  for  this  experiment.  The  third 
stressor  employed  was  restraint.  Groups  of 
rats  were  removed  from  their  cages,  placed 
in  ether  chambers  and  an  orbital  sinus  blood 
sample  taken  within  1  min  of  initial  disturb- 
ance. The  rats  were  then  restrained  in  the 
supine  position  for  2  hr.  At  the  end  of  the  2- 
hr  restraint,  rats  were  released,  placed  back 
into  ether  chambers,  and  a  second  blood 
sample  taken  within  1  min  from  the  end  of 
the  restraint  period.  Serum  prolactin  levels 
in  the  prerestraint  blood  samples  were  con- 
sidered as  controls  for  this  experiment. 

The  effect  of  chronic  stress  on  serum  pro- 
lactin was  determined  by  subjecting  a  group 
of  rats  on  the  first  day  of  diestrus  to  20 
consecutive  days  of  2-hr  restraint  stress.  Se- 
rum prolactin  levels  were  measured  in  serial 
blood  samples  taken  within  1  min  of  animal 
disturbance  in  their  cages  on  Days  1,9,  and 
19.  These  prestress  prolactin  levels  were 
designated  as  control  hormone  levels.  The 
effect  of  the  chronic  restraint  on  serum  pro- 
lactin was  measured  in  additional  blood 
samples  taken  within  1  min  of  the  end  of  the 
restraint  period  on  Days  1,  5,  10,  15,  and 
20  of  the  treatment  regime. 

Another  experiment  measured  the  effect 
of  2-hr  restraint  stress  on  serum  prolactin  on 
the  first  day  of  pregnancy.  Separate  groups 
of  rats  received  2-hr  restraint  stress  treat- 
ments from  12-2  pm  or  3-5  pm  on  the  day 
sperm  were  detected  in  the  vaginal  smear 
(Day  1  of  pregnancy).  Serum  prolactin  was 
measured  in  serial  blood  samples  taken  at 
12,  2,  3:30,  and  5  pm  from  the  12-2  pm 
stress  groups,  and  at  3,  5,  6:30,  and  8  pm 
from  the  3-5  pm  stress  group.  Control  pro- 
lactin levels  were  measured  in  serial  blood 
samples  taken  by  the  rapid  sampling  tech- 
nique at  the  same  time  intervals  from  similar 
groups  of  rats  that  did  not  receive  the  re- 
straint stress  treatment. 

The  final  experiment  included  in  this 
study  considered  the  effect  of  serial  bleeding 
and  restraint  stressors  on  prolactin  secretion 
in  lactating  rats.  Rats  included  in  this  study 
were  in  the  fourth  to  tenth  day  of  lactation 
and  were  observed  to  be  over  their  pups  in 
the  interval  before  experimentation.  For  the 


serial  bleeding  study,  rats  were  removed 
from  their  cages,  placed  in  ether  chambers, 
and  bled  at  1,8,  15,  and  25  min  following 
first  disturbance.  For  the  restraint  portion  of 
the  experiment,  rats  were  restrained  for  2  hr 
after  collection  of  the  1-min  blood  sample 
with  a  second  blood  sample  taken  within  1 
min  of  the  end  of  the  restraint  period. 

Serum  prolactin  was  measured  in  dupli- 
cate by  a  standard  double-antibody  radioim- 
munoassay procedure  (14).  NIAMD-Rai 
Prolactin,  RP-1  was  used  as  the  reference 
standard.  Differences  between  groups  were 
analyzed  by  Student's  /  test  and  a  probabil- 
ity of  0.05  was  considered  as  significant. 

Results.  Comparison  of  control  or  non- 
stressed  serum  prolactin  levels  measured  in 
the  same  rats  by  two  experimental  tech- 
niques, rapid  orbital  sinus  puncture  and  de- 
capitation is  shown  in  Fig.  1 .  No  differences 
were  recorded  in  serum  prolactin  concentra- 
tions measured  by  these  techniques  at  any 
stage  of  the  estrous  cycle . 

Figure  2  illustrates  the  effect  of  exjx)sure 
to  a  mild  stress,  ether  vapor,  in  rats  at  proes- 
trous,  estrous,  and  diestrous  2  stages  of 
their  ovarian  cycle.  Serial  exposure  to  ether 
vapor  over  the  25-min  experimental  interval 
(the  rats  were  anesthetized  at  1,  8,  15,  and 
25  min  after  removing  them  from  their 
cages)  did  not  significantly  affect  serum  pro- 
lactin concentrations  at  any  stages  of  the 
estrous  cycle  tested. 

We  next  considered  the  effect  of  ether 
vapor  plus  serial  blood  sampling  stress  on 
serum  prolactin  levels  (Fig.  3).  Serum  pro- 
lactin  concentrations   again    were   not  in- 
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n  =  12 


Fig.  1 .  Comparison  of  oribital  sinus  puncture  and 
decapitation  procedures  of  collecting  blcxxl  for  meas- 
urement of  nonstressed  levels  of  prolactin.  Mean  pro- 
lactin values  and  SEM  are  shown  from  blood  collected 
at  4  PM  at  proestrous,  estrous,  and  diestrous  stages  of 
the  ovarian  cycle. 
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2.  Effect  of  serial  ether  vapor  on  rat  scrum 
n  at  4  PM  on  proestrous,  estrus,  and  diestrus. 
samples  were  taken  by  orbital  sinus  puncture 
ight  ether  anesthesia.  Rats  were  exposed  to 
t  1,  8,  15,  and  25  min  after  cage  disturbance, 
perimental  sample  (S)  was  taken  after  the  25- 
:sthesia.  Control  samples  (C)  were  taken  from 
rats  not  exposed  to  ether.  Serum  prolactin  levels 

are  plotted  as  group  means  with  indicated 


:d  by  this  treatment  in  any  of  the 
s  tested.  The  high  levels  of  prolactin 
ntered  on  the  afternoon  of  proestrus 
strus  were  reduced  by  this  treatment. 
e  other  hand,  the  low  level  of  prolactin 
;  afternoon  of  diestrus  Day  2  was  not 
^d  by  this  treatment,  and  although 
was  a  reduction  in  the  mean  prolactin 
in  the  group  stressed  on  the  morning 
'US,  these  differences  were  not  signifi- 

effect  of  a  single  2-hr  restraint  stress 
lent  on  serum  prolactin  is  shown  in 
•  .  The  high  level  of  prolactin  in  the 
Tous  group  was  again  reduced  by  the 
treatment.  On  the  other  hand,  serum 
tin  levels  were  not  affected  by  re- 
:  stress  in  the  estrous  group,  and  the 
►ntrol  group  levels  of  prolactin  in  both 
strate  and  diestrous  group  was  sharply 
sed  following  the  2-hr  restraint  stress 
lent. 

ire  5  indicates  the  effect  of  20  days  of 
c  restraint  stress  on  serum  prolactin, 
tin  levels  in  blood  samples  before  re- 
was  initiated  on  Days  1,9,  and  19 
lated  as  control  samples),  increased 
y  during  the  experiment,  rising  from 
242  ng/ml.  Prolactin  was  increased  in 
ood  sample  taken  at  the  end  of  the 
ay  of  the  restraint  treatment.  On  the 
hand,  prolactin  levels  were  less  than 


50  ng/ml  at  the  end  of  the  restraint  period 
on  Days  5,  10,  15,  and  20.  These  end  of 
stress  prolactin  levels  are  markedly  lower 
than  the  pretreatment  prolactin  concentra- 
tion measured  on  Days  9  and  19.  Rats  in 
this  group  were  on  the  first  day  of  diestrus 
when  the  treatment  was  started.  This  stress 
regime  was  sufficient  to  block  regular  ovar- 
ian cyclicity  in  all  the  experimental  animals. 

The  effect  of  restraint  stress  on  serum 
prolactin  on  the  afternoon  of  the  first  day  of 
pregnancy  is  depicted  in  Fig.  6.  The  2-hr 
stress  was  administered  to  separate  groups 
of  rats  from  12-2  pm  or  3-5  pm.  Serial 
blood  samples  were  taken  from  each  stress 
group  and  similar  control  rats  before  and 
after  the  stress  treatment  and  at  1 V2  and  3 
hr  after  the  end  of  the  stress  regime.  In  the 
group  receiving  the  stress  treatment  from 
12-2  PM,  prolactin  levels  were  lower  than 
control  group  concentrations  only  at  the 
3:30  PM  sampling  interval,  IV2  hr  after  the 
end  of  the  treatment.  Prolactin  levels  in  the 
3-5  PM  stressed  group  were  less  than  control 
group  concentrations  at  the  end  of  the  stress 
period,  but  were  similar  to  control  groups 
hormone  levels  at  both  1 V2  and  3  hr  after 
the  end  of  the  treatment. 

The  response  of  lactating  rats  to  serial 
bleeding  and  restraint  stress  is  depicted  in 
Fig.  7.  The  pretreatment  prolactin  levels  for 
both  experiments  were  elevated.  Both  stress 
treatment  regimes  resulted  in  a  prompt  re- 
duction in  serum  hormone  levels.  In  the 
serial  bleeding  stress  group,  prolactin  levels 
were  only  1/3  as  high  by  the  8-min  sampling 
interval  and  continued  to  decrease  until  the 
end  of  the  treatment.  Prolactin  levels  in  the 
group  receiving  the  restraint  treatment  were 
reduced  from  342  to  only  68  ng/ml. 

Discussion.  These  experiments  indicate 
that  the  effect  of  stress  on  serum  prolactin 
concentrations  in  the  female  rat  varies 
markedly  with  the  physiological  state  of  the 
animal  and  the  intensity  of  the  stressor  em- 
ployed. Instead  of  uniformly  stimulating 
prolactin  secretion,  in  some  instances  stress 
regimes  were  found  to  have  no  effect  on 
prolactin  levels,  and  in  other  experimental 
situations  stress  was  associated  with  a  sharp 
reduction  in  serum  prolactin.  If  the  stress 
used  was  of  relatively  low  intensity,  such  as 
periodic  exposure  to  ether  vapor  alone  at  all 
stages  of  the  estrous  cycle  we  tested  or  ether 
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Fig.  3.  Effect  of  ether  vapor  plus  serial  bleeding  stress  on  rat  serum  prolactin  at  4  pm  on  proestrus  and  diestrus 
and  at  10  am  and  3  pm  on  estrus.  Rats  were  ether  anesthetized  and  serially  bled  by  orbital  sinus  puncture  at  1. 8, 
15,  and  25  min  after  cage  disturbance.  Serum  prolactin  levels  (ng/ml)  are  plotted  as  group  means  with  indicated 
SEM. 


vapor  plus  serial  bleeding  stress  in  diestrous 
rats,  serum  prolactin  concentrations  were 
not  affected.  The  effect  of  high-intensity 
stress  was  determined  by  the  physiological 
state  of  the  rat.  Rats  with  high  pre  treatment 
serum  prolactin  concentrations,  on  the 
afternoon  of  proestrus,  the  afternoon  of  es- 
trus. Day  1  of  pregnancy,  and  during  lacta- 
tion, uniformly  showed  reduced  prolactin 
levels  after  serial  bleeding  and  all  these 
groups  except  those  on  the  afternoon  of 
estrus  had  reduced  serum  prolactin  follow- 
ing restraint  stress  treatment.  These  obser- 
vations are  in  agreement  with  recent  studies 
on  the  effects  of  ether  stress  on  serum  pro- 
lactin levels  at  proestrus  (13)  and  the  effects 
of  serial  bleeding  on  serum  prolactin  in  lac- 
tating  rats  (15).  On  the  other  hand,  rats 


with  low  pretreatment  levels  of  prolactin, 
such  as  the  diestrous  and  castrate  groups, 
had  increased  serum  prolactin  levels  follow- 
ing restraint  stress.  Thus,  the  initial  level  of 
prolactin  in  the  serum  appears  to  be  impor- 
tant in  determining  the  amount  of  prolactin 
released  by  a  stress  (13).  Our  Long-Evans 
rats  show  a  diurnal  peak  of  prolactin  secre- 
tion in  the  afternoon  of  estrus  similar  to 
what  we  find  on  the  afternoon  of  Day  1  of 
pregnancy  (Fig.  6)  and  what  has  been  previ- 
ously reported  on  the  first  day  of  pseudo- 
pregnancy  (16).  The  only  group  of  rats  that 
had  lower  serum  prolactin  levels  on  the 
afternoon  of  estrus  than  similar  proestrus 
groups  was  that  subjected  to  2  hr  of  restraint 
stress  (Fig.  4).  It  is  of  interest  that  tlys  group 
which  had  initial  serum  prolactin  levels  in- 
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ermediate  between  those  of  proestrous 
;roups  or  other  afternoon  of  estrous  groups 
nd  diestrous  prolactin  levels  did  not  have 
tither  increased  or  decreased  serum  prolac- 
in  after  the  restraint  stress  treatment. 

These  data  do  not  indicate  whether  the 
hanges  in  serum  prolactin  related  to  stress 
xe  caused  by  modification  of  the  rate  of 
pituitary  secretion,  a  change  in  metabolism 
»r  clearance  of  circulating  prolactin,  or  a 
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Fig.  4.  Effect  of  2-hr  restraint  stress  on  rat  serum 
)rolactin  at  proestrus,  estrus,  and  diestrus,  and  in  cas- 
rates.  Control  samples  (C)  were  taken  before  restraint 
tress  and  the  stressed  samples  (RS)  at  the  end  of  the  2- 
ir  stress  regime.  Blood  samples  were  taken  by  orbital 
inus  puncture  under  light  ether  anesthesia.  Serum  pro- 
actin  levels  (ng/ml)  are  plotted  as  group  means  with 
ndicated  SEM. 
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Fig.  5.  Effect  of  chronic  restraint  stress  (2  hr/day 
»r  20  days)  on  serum  prolactin.  Prestress  control  sam- 
es  were  taken  on  Days  1 , 9,  and  19  of  treatment.  End 
'  stress  samples  were  taken  on  Days  1,5,  10.  15,  and 
)  of  the  stress  regime.  Blood  samples  were  taken  by 
^ital  sinus  puncture  under  light  ether  anesthesia. 
iTum  prolactin  levels  (ng/ml)  are  plotted  as  group 
eans  with  indicated  SEM. 


combination  of  both  effects.  A  recent  study 
considering  the  effects  of  ether  stress  during 
the  proestrus  surge  indicated  that  the  fall  in 
serum  prolactin  during  acute  stress  was  simi- 
lar to  the  decline  after  hypophysectomy 
(13).  Another  report  suggests  that  the 
changes  in  serum  LH  following  acute  stress 
in  the  male  rat  are  not  due  to  alterations  in 
metabolism  or  clearance  of  LH  from  the 
blood  or  to  alterations  in  pituitary  respon- 
siveness to  hypothalamic  gonadotropin-re- 
leasing  hormone  (17).  Current  understand- 
ing of  hypothalamic  regulation  of  prolactin 
secretion  implies  that  several  hypothalamic 
factors  may  be  involved.  It  has  been  sug- 
gested that  prolactin  secretion  is  regulated 
by  both  hypothalamic  inhibitory  factors 
(PIF)  and  stimulatory  factors  (PRF)  (18, 
19).  Prolactin  secretion  has  been  reported 
to  be  influenced  by  alterations  in  hypotha- 
lamic content  of  serotonin  (20),  dopamine 
(21,  22),  norepinephrine  (23),  and  acetyl- 
choline (24)  affecting  PIF  and  PRF  secre- 
tion, or  possibly  to  the  hypothalamic  secre- 
tion of  dopamine  and  norepinephrine  act- 
ing directly  on  pituitary  prolactin  secretion 
(25).  Recent  reports  have  shown  that 
reserpine  can  block  ether  stress  reduction  of 
prolactin  on  the  afternoon  of  proestrus  (13) 
and  that  acute  stressors  can  reduce  arcuate 
nucleus  content  of  both  dopamine  and 
norepinephrine  (26). 

It  is  clear  from  these  experiments  that 
serum  concentrations  of  radioimmunoassay- 
able  prolactin  can  show  prompt  alterations 
with  the  initiation  of  stress  treatments.  If  the 
alterations  in  serum  prolactin  are  due  to 
changes  in  hypothalamic  PIF  and  PRF  se- 
cretion, stress  apparently  affects  their 
release  differently  in  diverse  physiological 
situations.  When  serum  prolactin  levels  are 
high  as  during  lactation  or  on  the  afternoon 
of  proestrus,  the  effect  of  stress  may  involve 
either  a  decrease  in  PRF  or  an  increase  in 
PIF.  On  the  other  hand,  the  increased  pro- 
lactin release  seen  after  restraint  stress  in 
diestrous  or  castrate  rats  may  be  due  to 
either  an  increase  in  PRF  or  a  decrease  in 
PIF.  The  effects  of  the  different  stressors  on 
hypothalamic  biogenic  amines  remain  to  be 
determined.  In  addition  the  sensitivity  of 
the  mechanisms  controlling  serum  prolactin 
levels  during  stress  was  different  in  different 
physiological  states.  Pretreatment  serum 
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Fig.  6.  Effect  of  restraint  stress  on  serum  prolactin  on  Day  1  of  pregnancy.  Rats  received  2  hr  of  restraint 
stress  from  12-2  or  from  3-5  pm.  Serial  blood  samples  were  taken  from  each  rat  before  the  stress,  at  the  end  of 
the  stress,  and  1 V2  and  3  hr  after  the  end  of  the  stress.  Blood  samples  were  taken  by  orbital  sinus  puncture  under 
light  ether  anesthesia.  Serum  prolactin  levels  (ng/ml)  are  plotted  as  group  means  with  indicated  SEM. 
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Fig.  7.  Effect  of  serial  bleeding  and  restraint  stress 
on  serum  prolactin  in  rats  on  Days  4-10  of  lactation. 
Blood  samples  were  taken  by  orbital  sinus  puncture 
under  light  ether  anesthesia.  Blood  samples  were  taken 
from  the  restraint  stress  group  before  stress  and  at  the 
end  of  the  2-hr  treatment.  Blood  samples  were  taken 
from  the  serial  bleeding  stress  group  at  1,8, 15,  and  25 
min  after  removing  them  from  their  litters.  Serum  pnv 
lactin  levels  (ng/ml)  are  plotted  as  group  means  witl 
indicated  SEM. 

prolactin  was  elevated  in  the  proestrous, 
estrous,  pregnant,  and  lactating  rats.  The 
reduction  of  serum  prolactin  by  stress  treat- 
ments was  greater  in  estrous  rats  subjected 
to  serial  bleeding  and  in  the  stressed  lactat- 
ing rats  than  after  stress  in  the  proestrous  or 
pregnant  groups  and  the  estrous  group  sub- 
jected to  the  high  intensity  restraint  stress. 
Although  the  latter  had  higher  pretreatment 
prolactin  levels  than  the  diestrous  group, 
their  serum  prolactin  levels  were  lower  than 
the  proestrous  group  and  they  did  not  show 


any  change  in  serum  prolactin  concentra- 
tions following  the  stress. 

The  effect  of  stress  on  serum  prolactin  on 
the  first  day  of  pregnancy  also  depended  on 
the  initial  hormone  levels.  Serum  prolactin 
levels  of  the  control  groups  show  a  diurnal 
peak  of  serum  prolactin  at  about  3  pm.  The 
group  of  rats  that  received  the  stress  treat- 
ment before  the  peak  of  serum  prolactin 
(12-2  pm)  did  not  show  this  diurnal  peak 
and  the  group  which  received  the  stress  dur- 
ing the  diurnal  peak  (3-5  pm)  had  a 
prompt  reduction  of  serum  prolactin  which 
was  sustained  throughout  the  sampling  pe- 
riod. 

The  increase  in  pretreatment  prolactin 
levels  in  the  group  of  rats  subjected  to  20 
days  of  restraint  stress  suggests  that  these 
rats  were  experiencing  chronically  increased 
prolactin  levels  through  much  of  their  treat- 
ment regime.  On  the  other  hand,  the  effect 
of  the  restraint  stress  on  prolactin  levels 
during  the  stress  was  markedly  different 
during  different  periods  of  this  treatment. 
On  the  first  day  of  treatment,  the  elevated 
prolactin  levels  were  typical  of  the  data  re- 
ported from  the  previous  diestrous  group 
exposed  to  this  stressor.  However,  this  high 
end  of  restraint  stress  prolactin  level  was  not 
sustained  during  the  remainder  of  the  treat- 
ment period.  The  effect  of  restraint  stress  on 
this  group  of  rats  at  Days  5,  10,  15,  and  20 
of  treatment  was  to  reduce  an  initially  high 
prolactin  level  to  the  low  end  of  treatment 
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concentration,  similar  to  the  effect  of  this 
stressor  on  high  pretreatment  prolactin  in 
other  physiological  states. 

Although  our  data  on  the  effect  of  simple 
exposure  to  ether  vapor  stress  without  serial 
bleeding  are  not  in  agreement  with  a  recent 
report  of  decreased  serum  prolactin  in 
proestrous  rats  following  administration  of 
this  stress  (13),  our  results  from  more  in- 
tense stressors,  serial  bleeding  with  ether 
anesthesia  and  restraint  stress,  in  groups  of 
proestrous  rats  confirm  this  report.  Al- 
though the  sensitivity  to  stress  may  vary  in 
different  strains  of  rats  and  different  investi- 
gators may  alter  the  severity  of  a  particular 
stress  regime,  these  data  reaffirm  the  impor- 
tance of  understanding  the  effects  of  stress 
on  hormone  control  mechanisms,  empha- 
size the  importance  of  avoiding  irregular  or 
undue  stress  in  animals  used  for  studies  of 
prolactin  release,  and  point  to  the  impor- 
tance of  maintaining  uniform  blood  sam- 
pling times  in  experiments  where  hormone 
levels  may  be  affected  by  stress. 

Summary.  Changes  in  serum  prolactin  in 
response  to  ether  vapor,  ether  vapor  plus 
serial  bleeding,  acute  restraint  and  chronic 
restraint  stresses  were  measured  in  cycling, 
castrate,  pregnant,  and  lactating  female 
Long-Evans  rats.  Serum  prolactin  was  mea- 
sured by  radioimmunoassays  in  serial  blood 
samples  taken  before  and  after  administra- 
tion of  each  stressor.  Pretreatment  prolactin 
levels  were  elevated  in  rats  in  the  afternoon 
of  proesitrus  and  estrus,  on  Day  1  of  preg- 
nancy, and  during  lactation.  Low  initial  pro- 
lactin concentrations  were  observed  during 
diestrus,  on  the  morning  of  estrus,  and  in 
castrate  females.  Low  intensity  stress,  such 
as  ether  vapor  alone,  did  not  affect  serum 
prolactin  concentrations  in  any  group 
tested.  The  effect  of  higher  intensity  stress 
was  related  to  the  pretreatment  concentra- 
tion of  serum  prolactin.  If  the  initial  prolac- 
tin levels  were  high,  such  as  on  the  after- 
noon of  proestrus  and  estrus,  on  Day  1  of 
pregnancy,  and  during  lactation,  high  inten- 
sity stress  was  associated  with  a  reduction  in 
serum  prolactin  in  all  cases  except  for  the 
group  of  rats  on  the  afternoon  of  estrus 
which  received  the  restraint  stress  treat- 
ment. On  the  other  hand,  if  the  pretreat- 
ment prolactin  levels  were  low,  such  as  in 


diestrous  and  castrate  rats,  high  intensity 
stress  was  found  to  increase  serum  prolactin 
concentrations.  Rats  subjected  to  chronic 
restraint  stess  had  increased  pretreatment 
serum  prolactin  during  the  treatment  re- 
gime. Although  their  initial  prolactin  con- 
centrations were  increased,  these  rats  had 
lowered  levels  of  prolactin  at  the  end  of 
their  restraint  periods.  These  data  reaffirm 
the  importance  of  understanding  the  effects 
of  stress  on  hormone  control  mechanisms, 
and  emphasize  the  importance  of  avoiding 
irregular  or  undue  stress  in  animals  used  for 
studies  of  prolactin  secretion. 
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Several  studies  have  shown  that  ethanol 
per  se  does  not  alter  insulin  secretion  (1,2). 
However,  the  data  on  the  effects  of  ethanol 
on  glucose-mediated  insulin  release  and  glu- 
cose tolerance  are  conflicting.  For  example, 
ethanol  has  been  reported  to  delay  or  inhibit 
glucose-mediated  insulin  response  as  well  as 
to  induce  glucose  intolerance  in  humans  and 
experimental  animals  (3-5).  In  contrast, 
other  studies  have  shown  an  improvement 
in  glucose  tolerance  and  potentiation  of  glu- 
cose-mediated insulin  release  after  ethanol 
pre  treatment  (6,  7).  Metz  et  al.  (6)  have 
speculated  about  the  use  of  ethanol  as  a 
therapeutic  agent  for  the  treatment  of  dia- 
betes. The  present  study  was  designed  to 
determine  changes  in  carbohydrate  metabo- 
lism after  daily  ingestion  of  ethanol  for  a 
period  of  15,  30,  and  60  days. 

Materials  and  methods,  Male  Albino 
mice,  weighing  20-25  g,  were  housed  in 
conditions  of  controlled  temperature,  hu- 
midity, light  cycle,  and  were  fed  Purina 
chow  and  tap  water  ad  libitum .  One  week 
later,  the  mice  were  weighed,  divided  into 
three  groups,  with  each  group  to  receive  one 
of  the  following  solutions  as  the  only  drink- 
ing source:  Group  A,  10%  v/v  ethanol; 
Group  B,  30%  v/v  ethanol;  and  controls. 
Group  C,  tap  water  for  15,  30,  or  60  days. 
In  order  to  check  ethanol  ingestion,  blood 
ethanol  levels  were  determined  (8)  in  the 
fed  state  of  randomly  selected  animals  at 
different  time  intervals.  Mean  ±  SE  blood 
ethanol  levels  (mg/100  ml)  were  32  ±  1 .4  {n 
=  30)  and  36  ±  1.8  (n  =  30),  respectively, 
in  animals  in  Groups  A  and  B.  These  values 
were  not  statistically  different. 

Oral  Glucose  Tolerance  Test  (GTT)  was 
performed  at  the  end  of  15,  30,  and  60  days 
of  ethanol  treatment.  Mice  were  fasted  for 
18  hr  except  for  water.  In  Groups  A  and  B, 
ethanol  was  replaced  by  water  to  avoid  the 


presence  of  ethanol  in  blood  during  the  per- 
formance of  GTT.  A  glucose  load  of  0.75  g/ 
kg  body  weight  dissolved  in  0.2  ml  of  water 
per  10  g  body  weight  was  given  by  intragas- 
tric intubation.  Some  animals  died  during 
intubation  resulting  in  different  number  of 
animals  in  each  group.  Blood  samples  were 
obtained  from  the  orbital  sinus  before  (0 
time),  and  30, 60,  and  120  min  after  glucose 
administration.  Whole  blood  was  used  for 
glucose  measurements.  For  plasma  insulin 
measurements,  the  microtubes  were  kept  at 
4**  for  1  hr  and  then  centrifuged  for  3  min  in 
a  Beckman  Spinco  Microfuge.  Plasma  was 
separated  and  stored  in  plastic  tubes  at  -20** 
for  subsequent  insulin  assay.  Blood  glucose 
was  determined  on  a  Technicon  Auto- 
Analyzer  by  the  Hoffman  ferricyanide 
method  (9).  Plasma  immunoreactive  insulin 
was  determined  by  the  double-antibody 
method  of  Morgan  and  Lazarow  as  modified 
by  Blanks  and  Gerritsen  (10).  Plasma  sam- 
ples which  showed  hemolysis  were  dis- 
carded. Bovine  insulin  was  used  as  a  stand- 
ard. Glucose  increment  AG,  expressed  as 
mg/100  ml/hr  above  its  fasting  value,  and 
insulin  increment  AI,  expressed  as  /jtU/ml/hr 
above  its  fasting  value,  were  calculated.  The 
insulinogenic  index  was  determined  by  di- 
viding AI  by  AG. 

Three  days  after  the  performance  of  the 
GTT,  peripheral  insulin  sensitivity  was  as- 
sessed in  the  same  animals  by  determining 
the  fall  in  blood  sugar  following  the  ip  injec- 
tion of  insulin  (0.2  U/kg)  after  an  overnight 
fast.  Blood  samples  for  glucose  estimation 
were  obtained  from  the  orbital  sinus  just 
before  (0  time)  and  30,  60,  and  120  min 
after  insulin  injection. 

To  study  whether  the  influence  of  chronic 
ethanol  ingestion  on  carbohydrate  metabo- 
lism was  transient  or  permanent,  15  mice 
were  given  10%  ethanol  as  the  only  drink- 
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ing  solution  for  30  days  and  subsequently 
tap  water  for  another  30  days.  An  equal 
number  of  control  animals  received  tap  wa- 
ter. At  the  end  of  60  days,  GTT  and  insulin 
sensitivity  tests  were  done  on  both  groups  of 
animals,  as  described  above.  The  data  was 
analyzed  statistically  by  Student's  /  test. 

Results.  Figure  1  shows  the  influence  of 
daily  ethanol  ingestion  for  60  days  on  body 
weights  of  mice.  There  was  not  statistical 
difference  in  body  weights  of  control  and 
10%  ethanol-fed  animals  as  determined  at 
weekly  intervals  during  the  entire  study  pe- 
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Fig.  1.  Mean  body  weights  of  normal  mice  during 
ingestion  of  10%  and  30%  ethanol  and  tap  water 
(controls)  for  60  days.  Thirty  animals  were  used  in  each 
group. 


riod.  Mice  receiving  30%  ethanol  lost 
weight  for  the  first  15  days  and  then  gained 
weight,  but  to  a  significantly  lesser  degree 
(P  <  0.001  at  all  points)  than  either  the 
control  or  the  10%  ethanol-treated  animals. 

Effects  of  ethanol  on  oral  glucose  toler- 
ance test.  Fifteen  days  of  daily  ingestion  of 
either  10  or  30%  ethanol  produced  no  dis- 
cernible change  in  GTT  as  compared  to  con- 
trol values  (data  not  shown).  Figure  2  shows 
the  mean  blood  glucose  response  to  oral 
GTT  in  mice  fed  10%  or  30%  ethanol  for 
30  days.  Fasting  blood  glucose  values  in 
ethanol-treated  animals  were  not  signifi- 
cantly different  from  those  of  the  control 
animals.  The  respective  values  were  95  ±  3 
{n  =  24),  96  ±  4  (aj  =  26),  and  86  ±  3  (/i  = 
23)  in  control,  10%  ethanol-,  and  30% 
ethanol-treated  animals.  However,  both 
groups  of  mice  receiving  ethanol  showed 
abnormal  glucose  tolerance.  Blood  sugar 
values  at  30,  60,  and  120  min  in  the  10  and 
30%  mice  were  significantly  different  (P  < 
0.01)  from  the  corresponding  control  val- 
ues. Figure  2  also  shows  the  effects  of 
ethanol  treatment  for  60  days  on  GTT.  The 
fasting  blood  sugar  levels  were  not  signifi- 
cantly different  but  the  glucose  tolerance 
tests  were  definitely  abnormal  in  both 
ethanol-treated  groups. 

Effects  of  ethanol  on  plasma  insulin.  Fig- 
ure 3  shows  the  mean  plasma  insulin  re- 
sponse to  oral  glucose  administration  in  con- 
trol and  ethanol-treated  animals  (n  =  15  for 
each  group  of  animals).  Daily  ingestion  of 
10  or  30%  for  30  days  did  not  exert  any 


30  DAYS  OF  ETHANOL  TREATMENT 


•—^  WATER 

•  ooo^lOX  ETHANOL 

•A  AA«30XETHAN0L 


60  DAYS  OF  ETHANOL  TREATMENT 


• •  WATER 

»oo«-«  10%  ETHANOL 
•AAA*  30%  ETHANOL 


120  0  3b 

TIME      IN    MINUTES 


Fig.  2.  Blood  glucose  values  during  oral  glucose  tolerance  test  in  ethanol-fed  and  control  mice.  Means  ±  SE 
values  are  shown,  and  the  number  of  animals  in  each  group  is  as  given  in  the  text. 
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Fig.  3.  Plasma  insulin  values  during  oral  glucose  tolerance  test  in  ethanol-fed  and  control  mice.  Means  ±  SE 
values  are  shown  and  the  number  of  animals  in  each  group  is  as  given  in  the  text.  Bovine  insulin  was  used  as 
standard  for  the  plasma  insulin  determinations. 


discernible  effect  on  fasting  plasma  insulin 
levels.  A  significant  decrease  (F  <  0.01  at 
all  points)  in  plasma  insulin  response  was 
observed  at  30,  60,  and  120  min  in  both 
ethanol-treated  groups  as  compared  to  the 
respective  control  values.  Peak  insulin  re- 
sponse to  glucose  was  observed  at  60  min  in 
ethanol-fed  animals  and  at  30  min  in  control 
animals.  Figure  3  also  shows  that  60  days  of 
10  or  30%  ethanol  ingestion  production  es- 
sentially similar  effects  on  plasma  insulin 
levels.  To  see  if  the  observed  differences  in 
insulin  and  glucose  responses  were  interre- 
lated, plasma  insulin  and  blood  glucose  in- 
crements above  the  respective  fasting  values 
and  the  insulinogenic  index  were  calculated 
(Table  I).  The  insulinogenic  index  was  sig- 
nificantly smaller  (P  <  0.01)  in  both  groups 
of  animals  that  received  ethanol  for  30  days 
than  in  the  control  animals  (Table  I).  Simi- 
lar changes  in  insulinogenic  index  were  ob- 
served in  animals  that  received  ethanol  for 
60  days. 

Effects  of  ethanol  on  insulin  sensitivity 
test.  Figure  4  shows  the  mean  blood  glucose 
response  to  insulin  injection  in  control  and 
ethanol-treated  animals  for  30  and  60  days. 
Both  groups  of  animals  that  received 
ethanol  were  significantly  (P  <  0.001)  less 
sensitive  to  insulin  than  the  corresponding 
control  animals.  The  magnitude  of  de- 
creases in  insulin  sensitivity  in  the  10% 
ethanol-treated  animals  was  not  statistically 
different  from  that  of  the  30%  ethanol- 
treated  ones. 


Effects  of  ethanol  withdrawal  on  blood 
glucose  and  insulin  levels.  Figure  5  shows 
the  mean  blood  glucose  and  plasma  insulin 
responses  to  oral  GTT  in  mice  that  were 
given  10%  ethanol  as  the  only  drinking  so- 
lution for  30  days  and  subsequently  tap  wa- 
ter for  30  days.  In  contrast  to  adverse  effects 
of  ethanol  on  GTT  described  above  (Figs.  2 
and  3),  withdrawal  of  ethanol  resulted  in 
slight  but  significantly  improved  GTT  as 
compared  to  that  of  control  animals.  Blood 
glucose  increments  were  124  ±  13  and  87  ± 
3,  F  <  0.01  for  the  control  and  ethanol 
groups,  respectively.  There  was  no  statisti- 
cal difference  in  plasma  insulin  response  be- 
tween the  two  groups  and  the  insulin  incre- 
ments were  24  ±  1  and  22  ±  1  /jtU/ml, 
respectively.  Insulin  sensitivity  responses 
were  also  not  statistically  different  as  maxi- 
mum decrease  in  blood  glucose  values  were 
29.1  ±  0.9  and  26.9  ±1.1%  of  the  respec- 
tive baseline  values  in  the  ethanol-treated 
and  control  animals. 

Discussion.  Acute  ethanol  ingestion  has 
been  shown  both  to  impair  (3-5)  and  im- 
prove (6,  7)  glucose  tolerance  in  humans 
and  experimental  animals.  The  present 
study  shows  that  chronic  ethanol  intake  re- 
sulted in  significant  changes  in  glucose  me- 
tabolism which  include  glucose  intolerance, 
decreased  and  delayed  glucose-mediated  in- 
sulin response,  as  well  as  decreased  periph- 
eral insulin  sensitivity.  These  changes  were 
observed  in  animals  that  ingested  ethanol  as 
the  only  drinking  solution  for  30  or  60  days. 
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TABLE  I.  EmcT  of  Daily  Eihasol  I^fCEsncw  m  30  Days  ow  Imltjmiceseic  Imnex  d^  Ncmmal  Mke. 


Blood  ^ooofe  incfr- 
meat  (m^  100  mLlv) 

meat  (Mt:  aril fa^) 

■— 535SE.^' 

Treatment 

AGhKDse 

CVMitrol 

Ki^  Etlunol(15r 

3fp%  Etlunol(15) 

158  r  13 
246  r  15* 
271  r  11* 

22  r  2 
7  r  2* 
12  r  3* 

0.15  r:  0.02 
0.03  •  0.01  • 

o.w  r:  o.or 

*  Number  of  animak  given  in  parentbctet. 

*  /^  ^  0.01  v%  control.  ReMilts  (Mean  r  SE)  represent  increments  of  blood  giooofe  and  | 
the  respective  fatting  values.  Glucose  tolerance  lest  was  done  as  described  in  the  lext. 


I  above 


so  Mrs  o'  tJiymoL  rmtArmtur 


TIMC       IN    yiNUTES 

Fig.  4.  Bkxxl  glucose  values  during  insulin  sensitivity  test  in  ethanol-fed  and  control  mice.  Bovine  insulin  (0.2 
U/kg)  was  given  by  ip  injection .  Means  ±  SE  values  are  show  n  and  number  of  animals  in  each  group  is  as  for  Fig.  2 
and  given  in  the  text. 
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Fi(j.  5.  Blood  glucose  and  plasma  insulin  values  during  oral  glucose  tolerance  test  in  15  mice  given  10% 
cthanol  as  the  only  drinking  solution  for  30  days  and  subsequently  tap  water  for  next  30  days.  Age-matched  15 
control  mice  received  tap  water  for  60  days.  Means  ±  SE  values  are  shown.  Bovine  insulin  was  used  as  standard 
for  the  plasma  insulin  determinations. 


but  not  when  cthanol  was  given  for  15  days. 
These  experiments  also  indicate  that  the 
above-mentioned  metabolic  derangements 
were  not  permanent  as  withdrawal  of 


cthanol  improved  or  reversed  various  pa- 
rameters to  normal  levels. 

The  data  suggest  that  some  of  the  factors 
(i.e..  a  decrease  in  glucose-mediated  insulin 
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use  as  well  as  in  peripheral  insulin  sen- 
y)  may  be  responsible  for  ethanol-in- 
1  glucose  intolerance.  However,  the 
iying  mechanisms  by  which  ethanol  in- 
ces  insulin  secretion  or  peripheral  insu- 
msitivity  are  unclear.  First,  ethanol 
t  exert  direct  effect  on  j8-cells.  In  vitro 
iments  performed  with  pancreas  of 
rabbits,  and  golden  hamsters  have 
n  ethanol  inhibition  of  glucose-me- 
i  insulin  release  (11,  12).  Malaisse  et 
3)  reported  that  ethanol  interferes  with 
mctions  of  the  microtubular  system  of 
Is.  Secondly,  during  a  single  transhe- 
circulation,  the  liver  normally  retains 
3ximately  50%  of  the  insulin  pre- 
d.  An  enhancement  of  insulin  degrada- 
)y  the  liver  because  of  ethanol  might  be 
•nsible  for  the  diminished  plasma  insu- 
sponse.  However,  except  for  the  possi- 
that  the  amount  of  insulin  reaching  the 
itself  affects  the  insulin  uptake  by  liver 

other  factors  which  might  influence 
^tention  of  insulin  by  the  liver  are  not 
established.  Ethanol-induced  hepatic 
ige  might  be  another  reason  for  glucose 
Tance  as  derangement  in  carbohydrate 
bolism  occurs  in  chronic  liver  disease. 

morphology  was  not  studied  in  the 
nt  investigations.  Another  mechanism 
i  be  an  increase  in  blood  levels  of  cate- 
mines  that  can  result  from  ethanol 
tion.  Catecholamines  are  known  to  in- 
insulin  secretion  and  action.  Finally, 
lol  might  alter  insulin  secretion  via  one 
ore  gut  hormones  that  influence  the 
of  Langerhans  (15). 
e  significant  decrease  in  peripheral  in- 
sensitivity  in  ethanol-treated  animals  is 
)rdant  with  the  observations  of  Loch- 
f  aL  (16)  in  dogs  and  Kreisberg  (17)  in 
that  ethanol  has  an  inhibitory  effect  on 
heral  glucose  utilization.  Ethanol  influ- 
might  be  indirect  via  elevated  free  fatty 
,  adrenal  corticosteroids  and  catechol- 
es.  Blood  levels  of  these  substances  are 
n  to  increase  after  ethanol  ingestion 
!0).  Whether  adverse  effects  of  ethanol 
lucose  metabolism  are  the  results  of 
lol  per  se  or  one  or  both  of  its  break- 
i  products  (acetaldehyde  and  acetate) 
3t  be  ascertained  from  the  present 
Nonetheless,  the  observation  that  pe- 


ripheral insulin  sensitivity  and  diminished 
glucose-mediated  insulin  response  improved 
or  were  restored  to  normal  levels  after 
ethanol  withdrawal,  suggests  that  the  under- 
lying mechanisms  are  reversible. 

The  findings  of  the  present  study  may 
have  implications  concerning  the  use  of 
ethanol  in  diabetic  subjects.  Some  subjects 
have  reported  an  improvement  in  glucose 
tolerance  and  potentiation  of  glucose-me- 
diated insulin  response  after  ethanol  pre- 
treatment  (6,  7).  This  led  to  speculation 
about  the  use  of  ethanol  as  a  therapeutic 
agent  in  diabetic  humans.  The  present  study 
showed  adverse  influence  of  chronic  ethanol 
intake  on  glucose  metabolism,  albeit  in  nor- 
mal mice.  Daily  ingestion  of  10%  and  30% 
ethanol  induced  essentially  similar  effects 
on  glucose  metabolism  although  the  animals 
fed  30%  ethanol  lost  weight  as  compared  to 
those  ingesting  10%  ethanol. 

Summary,  The  influence  of  chronic 
ethanol  intake  on  carbohydrate  metabolism 
was  studied  in  mice.  The  results  showed  that 
daily  ingestion  of  10%  or  30%  ethanol  for 
30  or  60  days  induced  glucose  intolerance, 
decreased  and  delayed  glucose-mediated  in- 
sulin response,  as  well  as  decreased  periph- 
eral insulin  sensitivity.  However,  these  met- 
abolic derangements  were  not  permanent  as 
withdrawal  of  ethanol  improved  or  restored 
these  parameters  to  normal. 

The  authors  wish  to  thank  Mrs.  Ruth  M.  Bonovich 
for  preparation  of  this  manuscript. 
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:  ions  at  a  concentration  of  0.2  and 
if  inhibit  herpes  simplex  virus  type  1 

1 )  DNA  synthesis  by  inhibiting  virus 
polymerase  (1).  However,  at  a  zinc 
icentration  of  0.1  mA/,  although  virus 
synthesis  was  affected  very  little,  only 
the  virus  was  produced  compared  to 
[treated  controls  (2).  This  indicates 

low  concentration  (0.1  mA/  or  less), 
ns  may  affect  other  biological  proc- 
nvolved  in  virus  replication  and  may 
y  inhibit  virus  progeny  formation. 
)ns  have  been  shown  to  inhibit  post- 
tional  processing  of  the  precursor 
ptides  of  rhinovirus  and  other  picor- 

>  structural  proteins  (3,  4).  Thus,  it 
interest  to  examine  the  effect  of  zinc 

I  herpesvirus-induced  polypeptides  in 
d  cells.  Herpes  simplex  virus  type  2 

2)  was  selected  for  this  study  since 

II  protein  synthesis  is  depressed  much 
in  HSV-2-infected  than  in  HSV-1- 

d  cells  (5).  The  present  study  demon- 
that  zinc  ions  at  a  concentration  of 
M  inhibit  the  synthesis  of  virus-in- 
polypeptides  with  little  effect  on  virus 
synthesis . 

'rials  and  methods.  Cells  and  viruses. 
:ells  were  propagated  as  monolayer 
;s  at  37**  in  medium  199  supple- 
1  with  10%  fetal  calf  serum  (FCS). 
strain  333  was  grown  in  Vero  cells 
^d  throughout  this  investigation, 
i  synthesis.  Vero  cells  were  infected 
SV-2  strain  333  at  a  multiplicity  of 
m  (m.o.i.)  of  3-5.  One  hour  postin- 
,  cells  were  incubated  with  medium 
th  5%  FCS  in  the  absence  or  pres- 
F  0.05,  0.1 ,  or  0.2  mA/  ZnS04.  At  4 
:infection,  pHJthymidine  was  added 

►  study  was  conducted  under  Contract  NOl  CP 
ithin  the  Virus  Cancer  Program  of  the  National 
nstitutc,  NIH,  PHS. 


to  the  medium  to  a  final  concentration  of  10 
/jtCi/ml.  The  infected  cultures  were  incu- 
bated for  10  hr  at  37**,  harvested  by  scraping 
the  cells  into  the  medium,  and  centrifuged 
at  750  g  for  10  min.  The  cell  pellet  was  then 
suspended  in  0.1  x  SSC  (0.15  Af  NaCl, 
0.015  A/  Na-citrate)  containing  1%  (w/v) 
sarkosyl  and  1  mg/ml  of  pronase,  and  incu- 
bated at  37**  for  12-14  hr.  The  digested 
sample  was  then  analyzed  by  CsCl  density 
gradient  centrifugation  at  32,000  rpm  for  60 
hr  in  a  40.3  rotor.  Drops  were  collected 
from  the  bottom  and  TCA-precipitable  ra- 
dioactivity was  determined.  Densities  were 
determined  by  measuring  refractive  index. 
Protein  synthesis.  Labeling  of  virus-in- 
duced polypeptides  was  accomplished  using 
the  procedure  described  above,  except  that 
at  3  hr  postinfection,  medium  was  replaced 
with  the  labeling  medium  containing 
pS]methionine  in  the  absence  or  presence 
of  ZnS04.  Labeling  medium  consisted  of 
medium  199  containing  one-half  the  normal 
concentration  of  essential  amino  acids,  5% 
FCS,  and  5  /jtCi/ml  of  P*S]methionine  (sp 
act  360  Ci/mmole,  Amersham  Searles, 
Inc.).  Infected  cells  were  harvested  18  hr 
after  infection  and  lysed  with  a  buffer  con- 
taining 0.0625  Af  Tris  (pH  6.8),  0.4%  Tri- 
ton X-100, 10  mA/  MgCl2,  50  /Ltg/ml  each  of 
DNase  and  RNase,  and  300  /jtg  of  methyl 
phenyl  sulfonyl  fluoride.  The  mixture  was 
incubated  for  10  min  at  room  temperature, 
after  which  sodium  dodecyl  sulfate  (SDS) 
and  mercaptoethanol  were  added  to  a  final 
concentration  of  2  and  5%,  respectively. 
After  heating  at  100**  for  2  min,  50  /llI  of 
each  mixture  was  analyzed  by  5-15%  gra- 
dient polyacrylamide  slab  gel  electrophore- 
sis in  the  presence  of  SDS,  as  described  by 
Baum  et  al.  (6).  Following  electrophoresis, 
the  gel  was  dried  and  an  autoradiogram  was 
prepared  using  sarkosyl  and  pronase  and 
analyzed  by  CsCl  gradient  centrifugation. 
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Densities  were  determined  to  distinguish  vi- 
rus DNA  from  cellular  DNA.  Labeling  of 
virus-induced  polypeptides  was  accom- 
plished using  the  procedure  described 
above,  except  that  at  3  hr  postinfection, 
medium  was  replaced  with  the  labeling  me- 
dium containing  [^-^SJmethionine  in  the  ab- 
sence or  presence  of  ZnS04.  The  cultures 
were  harvested  at  the  end  of  the  virus 
growth  cycle  (18  hr  postinfection)  and 
lysed.  The  proteins  were  solubilized  with 
SDS  and  mercaptoethanol  and  analyzed  by 
5-15%  gradient  polyacrylamide  slab  gel 
electrophoresis.  Following  electrophoresis, 
the  gel  was  dried  and  an  autoradiogram  was 
prepared. 

Results.  Before  attempting  to  determine 
the  effect  of  zinc  ions  on  virus  replication, 
we  examined  their  effect  on  host  cells.  Zinc 
ions  at  a  concentration  of  0.1  mAf  and 
higher  were  found  to  be  toxic,  resulting  in 
rounding  up  of  cells  and  detachment  from 
the  glass  wall  under  conditions  which  slowed 
cell  growth.  This  occurred  with  confluent 
cells  and  with  serum-free  or  essential  amino 
acid- free  media.  Hence,  all  experiments 
were  carried  out  on  subconfluent  (70-80% 
confluent)  cells  in  medium  containing  at 
least  5%  FCS  and  one-half  the  normal  con- 
centration of  all  essential  amino  acids.  Even 
under  these  conditions,  however,  zinc  ions 
were  found  to  be  toxic  at  a  concentration  of 
0.3  mAf. 

The  effect  of  zinc  ions  on  formation  of 
HSV-2  virus  progeny  was  measured.  Zinc 
ions  at  a  concentration  of  0.05  mAf  and 
higher  inhibited  virion  synthesis  (Table  I),  a 
finding  similar  to  that  of  Gordon  et  al.  (2) 
with  HSV-1 .  Removal  of  zinc  ions  4  hr  post- 
infection restored  the  virus  yield  to  almost 
equal  that  of  the  untreated  control. 

The  effect  of  various  concentrations  of 
zinc  ions  on  the  synthesis  of  HSV-2  and 
cellular  DNA  was  determined.  The  infected 
untreated  and  zinc-treated  cells  were  la- 
beled for  10  hr  (4-14  hr  postinfection)  with 
PHJthymidine.  Labeled  DNA  was  then  ana- 
lyzed by  centrifugation  in  CsCl  density  gra- 
dients (Fig.  1).  The  amount  of  radioactivity 
banding  at  a  density  of  1.725  g/ml  (virus 
DNA)  and  1 .698  g/ml  (cellular  DNA)  was 
determined  and  plotted  against  various  con- 
centrations of  zinc  sulfate  (Fig.  2).  Zinc  ions 
to  a  concentration  of  0.1  mAf  had  a  slight 


inhibitory  effect  on  the  synthesis  of  vims 
DNA,  while  at  a  concentration  of  0.2  mAf. 
the  synthesis  of  virus  DNA  was  markedl) 
inhibited.  In  the  presence  of  0.1  mAf  zinc 
ions,  although  DNA  synthesis  was  inhibited 
only  slightly,  marked  inhibition  of  vims 
yield  was  observed. 

To  determine  the  effect  of  zinc  ions  on 
HSV-2-induced  polypeptides,  infected  cells 
were  labeled  with  P*S]methionine  for  15  hr 
(3-18  hr  postinfection)  at  various  zinc  ion 
concentrations.  Figure  3  shows  analysis  bv 
SDS-polyacrylamide  gel  electrophoresis  of 
labeled  virus-induced  polypeptides.  Zinc 
ions  at  a  concentration  of  0.2  mAf  had  no 
obvious  effect  on  host  cell  protein  synthesis 
(lanes  a  and  b).  At  a  concentration  of  0.05 
mAf,  the  zinc  ions  slightly  inhibited  the  syn- 
thesis of  virus-induced  polypeptides,  partic- 
ularly polypeptide  P,  with  an  approximate 


TABLE 


Effect  of  Zinc  Ions  on  Refucation  of 
HSV.2. 


ZnS04 
(mAf) 


Virus  yield* 
(%  of  control) 


0 

100 

0.05 

10 

0.1 

5 

0.2 

<0.1 

0.1  for  4  hr,  then  washed 

100 

"  ZnS04  was  added  1  hr  postinfection.  Eighteen 
hours  later,  infected  cells  were  scraped  into  the  me- 
dium, frozen  and  thawed  three  times,  and  the  resulting 
virus  was  assayed  in  rabbit  kidney  cells.  Number  of 
plaques  found  in  untreated  control  cultures  was  re- 
garded as  100%. 
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50 


20         30  40 

FRACTION       NUMBER 
Fig.   1.  Analysis  of  DNA  from  HSV-2-infectcd 
Vero  cells  in  the  presence  of  0.1  mM  ZnS04  (-•-#') 
and  in  the  absence  of  ZnS04  (-D-D-)  by  isopycnic 
centrifugation  in  CsCI  density  gradient. 
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01  02  0.3 

ZnS04  CONCENTRATION    (mM) 

Fig.  2.  Effect  of  zinc  ions  on  the  synthesis  of  virus 
d  cellular  DNA  in  HSV-infected  cells.  The  infected 
Us  were  either  untreated  or  treated  with  different 
ncentrations  of  ZnS04.  The  cultures  were  labeled 
th  ['H]thymidine  and  the  DNA  was  analyzed  by  CsCl 
nsity  gradient  centrifugation .  The  amount  of  radio- 
tivity  banding  at  a  mean  density  of  1 .725  g/ml  (virus 
^A)  (-D-D-),  and  1 .698  g/ml  (cellular  DNA)  (-A- 
).  was  determined  and  plotted  against  various  con- 
itrations  of  ZnS04  used.  The  DNA  (virus  or  cellu- 
)  obtained  from  infected  untreated  cells  (no  ZnS04) 
s  regarded  as  100%,  and  virus  and  cellular  DNA 
m  the  ZnS04-treated  cells  were  compared  to  it. 


molecular  weight  of  130,000  (lane  d),  when 
compared  to  untreated  controls  (lane  c). 
The  inhibition  was  more  pronounced  in  the 
presence  of  0.1  mM  of  ZnS04,  when  most 
of  the  polypeptides  were  synthesized  in  re- 
duced amounts  (lane  e),  particularly  poly- 
peptides P,,  P2,  P3,  and  P4  (P2  =  88,000  mol 
wt;  P3  =  58,000  mol  wt;  P4  =  38,000  mol 
wt).  At  a  concentration  of  0.2  mM  ZnS04, 
very  little  virus-induced  protein  was  synthe- 
sized (lane  f).  Unlike  with  picomaviruses, 
no  accumulation  of  large  virus  polypeptides 
was  noticed  in  zinc-treated  infected  cells. 
The  inhibitory  effect  of  zinc  could  be  re- 
moved by  washing  the  infected  cells  up  to  4 
hr  postinfection,  which  resulted  in  the  re- 
sumption in  normal  amounts  of  virus-in- 
duced polypeptide  synthesis  (lane  g)  and 
the  production  of  normal  amounts  of  virus 
progeny  (Table  I).  Similar  inhibition  of  vi- 
rus-induced polypeptides  was  also  observed 
in  HSV-2  grown  in  human  embryo  lung  cells 
(data  not  shown). 

Discussion.   The   present  study  demon- 
strates that  ZnS04  at  a  concentration  of 


Fig.  3.  Polyacrylamide  gel  electrophoresis  analysis  of  the  polypeptides  synthesized  in  infected  untreated  and 
c-treated  cells.  Lane  a,  uninfected  culture;  b,  uninfected  culture  treated  with  0.2  mM  ZnS04;  c,  infected  culture 
>  ZnS04);  d-f,  infected  cultures  treated  with  0.05.  0.1 ,  and  0.2  mM  ZnS04;  g.  infected  culture  exposed  to  0.1 
H  of  ZnS04  for  4  hr,  after  which  it  was  removed;  h,  standard  proteins  of  known  molecular  weight  indicated  by 
ows. 
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O.OS  and  0.1  inAf  prevents  the  synthesis  of 
virus-induced  polypeptides,  especially  poly- 
peptides Pi,  P2,  P3,  and  P4,  and  also  pre- 
vents virus  progeny  formation.  In  contrast, 
0.1  mAf  or  less  ZnS04  has  little  effect  on 
virus  DNA  synthesis.  In  the  presence  of  0.2 
mAf  ZnS04,  synthesis  of  both  virus  DNA 
and  protein  is  markedly  inhibited.  It  has 
been  shown  that  ZnS04  at  a  concentration 
of  0.2  mAf  prevents  the  synthesis  of  HSV 
DNA  by  inhibiting  virus  DNA  polymerase 
activity.  Zinc  ions  have  no  effect  on  the 
synthesis  of  virus  DNA  polymerase  (1). 
Thus,  at  0.2  mAf  ZnS04,  in  addition  to  an 
inhibitory  effect  on  synthesis  of  specific  vi- 
rus-induced polypeptides,  drastic  reduction 
in  virus  DNA  synthesis  probably  results  in  a 
marked  inhibition  of  virus-specific  transcrip- 
tion and,  hence,  of  synthesis  of  total  virus- 
induced  polypeptides.  The  inhibitory  effect 
of  zinc  ions  could  be  reversed  by  removing 
zinc  ions  up  to  4  hr  postinfection,  a  finding 
contradictory  to  that  of  Gordon  ei  al.  (2), 
who  reported  the  inhibitory  effect  to  be  irre- 
versible with  HSV-1  and  BSC-1  cells.  This 
contradiction  could  be  due  to  the  difference 
in  cells  and  virus  used.  Since  certain  virus- 
induced  polypeptides  are  virion  structural 


proteins,  it  is  conceivable  that  inhibition  of 
synthesis  of  one  or  more  of  the  polypeptides 
will  also  inhibit  virus  progeny  formation. 
The  mechanism  by  which  zinc  ions  inhibit 
herpesvirus-induced  polypeptides  has  not 
yet  been  determined. 

Summary,  Treatment  of  herpes  simplex 
virus-infected  cells  with  zinc  sulfate  (ZnSOf) 
inhibited  formation  of  virus  progeny,  but 
had  little  effect  on  virus  DNA  s>Tithesis. 
Analysis  of  polypeptides  synthesized  in  in- 
fected cells  in  the  presence  of  ZnS04  ^^ 
vealed  a  markedly  reduced  synthesis  of  \i- 
rus-induced  polypeptides. 
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troversy  exists  with  regard  to  the  ex- 
racellular  localization  of  the  3j8-hy- 
steroid  dehydrogenase/isomerase 
)^  in  steroid  hormone-producing  cells, 
early  report,  Beyer  and  Samuels  (1) 

that  the  enzyme  was  distributed 
;  all  subcellular  fractions  derived  from 
;enates  of  beef  adrenal  cortex  but  that 
crosomal  fraction  had  the  highest  spe- 
ctivity.  Since  then,  HSD  has  been 
purified  from  sheep  adrenal  cortex 
omes  (2)  and  is  now  generally  ac- 

to  be  a  constitutive  microsomal 
rane-bound  enzyme.  On  the  other 
several  reports  have  suggested  that 
s  also  a  mitochondrial  enzyme  in  the 
1  cortex  (3),  testis  (4),  ovary  (5),  and 
ta  (6).  Investigators  seeking  to  re- 
his  descrepancy  have  variously  con- 
that  mitochondrial  HSD  results  from 
:t  microsomal  contamination  (7);  or 
n  enzyme  redistribution  artifact  that 
during  homogenization  (8);  or  from 
ial  mitochondrial  localization  (4).  If 
s  located  in  the  inner  mitochondrial 
ane,  as  suggested  by  Sulimovici  et  al. 
*roid  oxidation  might  proceed  utiliz- 
kD  contained  in  the  matrix  space.  In 
3ort  we  show  that  this  reaction  does 
md  conclude  that  HSD  is  present  in 
ler  mitochondrial  membrane  in  rat 
I  cortex  mitochondria. 

research  was  taken  from  the  thesis  of  B.E.K. 
d  in  partial  fulfillment  of  the  Ph.D.  degree, 
liversity.  New  Haven,  Connecticut,  and  was 
d  by  Grants  No.  HL   12758  and  No.  GM 
cm  the  United  States  Public  Health  Service, 
ent   address:    Department   of  Biochemistry, 
)f  Agriculture  and  Life  Sciences,  University  of 
n,  Madison,  Wisconsin  53705. 
ent  address:  The  Mary  Imogene  Bassett  Hos- 
operstown.  New  York  13326. 
abbreviation  used  is:  HSD,  3/3-hydroxysteroid 
;enase/isomerase . 


Materials  and  methods,  Male  Sprague- 
Dawley  rats  weighing  150-250  g  were  used 
in  these  experiments.  The  adrenals  from  10 
to  15  animals,  sacrificed  by  decapitation, 
were  removed  and  chilled  in  cold  isotonic 
sucrose.  The  adherent  fat  was  removed  and 
the  glands  were  homogenized  in  0.25  M 
sucrose  containing  1  mA/  EDTA  and  30 
mAf  Tris-HCl,  pH  7.2.  A  mitochondrial 
fraction  was  isolated  as  previously  described 
(9).  The  crude  mitochondrial  pellet  was 
washed  three  times  by  resuspension  and  re- 
centrifugation.  Microsomes  were  isolated 
from  the  postmitochondrial  supernatant 
fluid  by  centrifugation  for  1  h  at  105,000g. 
The  microsomal  and  washed  mitochondrial 
pellets  were  resuspended  in  homogenizing 
medium  to  total  volumes  of  2  ml. 

All  incubations  were  performed  at  37**  in 
duplicate  1-ml  portions  of  a  medium  that 
contained  50  mA/  sucrose,  20  mA/  KCl,  1 
mA/  EDTA,  30  mA/  Tris-HCl,  pH  7.4,  and 
0.2  to  0.5  mg  of  mitochondrial  or  microso- 
mal protein.  HSD  activity  was  measured  as 
described  by  Neville  and  Engel  (10).  For 
this  assay  the  medium  also  contained  0.1 
mA/  [3H]pregnenolone  (30,000  dpm). 
NAD,  when  present,  was  0.5  mA/  and  other 
additions  were  as  indicated  in  the  tables. 
Blank  incubations  contained  no  enzyme. 
The  reaction  was  started  by  the  addition 
of  [^H]pregnenolone  and  was  stopped,  after 
5  min,  by  the  addition  of  either  2  ml  of 
heptane  or  10  ml  methylene  chloride. 
PH]Progesterone  formation  was  constant 
with  time  for  5  min  and  with  tissue  protein 
to  0.7  mg.  The  21 -hydroxylase  activity  was 
measured  by  the  method  of  Koritz  and  Ku- 
mar (11).  The  medium  also  contained  0.1 
mA/  [3H]progesterone  (30,000  dpm),  50 
mA/  NADPH,  3.3  mA/  glucose-6-phos- 
phate,  and  2  lU  glucose-6-phosphate  dehy- 
drogenase. The  reaction  was  started  by  the 
addition  of  progesterone  and  was  stopped. 
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after  10  min,  by  the  addition  of  2  ml  of 
heptane.  The  1 1  )8-hydroxylase  activity  was 
measured  by  the  conversion  of  deoxycorti- 
costerone to  corticosterone  as  previously 
described  (9).  For  this  assay  the  medium 
also  contained  30  ^iM  [^H]deoxycortico- 
sterone.  Reducing  equivalents  were  supplied 
by  either  10  mAf  malate  or  isocitrate  or  an 
NADPH-regenerating  system.  The  reaction 
was  started  by  the  addition  of  deoxycortico- 
sterone and  was  stopped,  after  5  min,  by 
the  addition  of  10  ml  of  methylene  chloride. 

In  the  three  enzyme  assays,  aliquots  of 
*^C-labeled  steroid  substrates  and  products 
were  added  prior  to  extraction  to  correct  for 
losses  of  tritiated  steroid  during  the  extrac- 
tion and  the  chromatographic  separations. 
The  incubates  were  extracted  twice  and  the 
organic  phases  were  separated  and  evapo- 
rated to  dryness.  Carrier,  unlabeled  steroids 
were  added  to  enhance  visualization  by  UV 
absorption.  Thin-layer  chromatography  was 
performed  on  Silica  gel  G  Plates  using 
the  following  solvent  systems:  pregnenolone 
and  progesterone,  either  chloroform-meth- 
anol  (99:1)  or  chloroform-ether  (9:1);  pro- 
gesterone and  deoxycorticosterone,  either 
chloroform-methanol  (99:1)  or  ether-ben- 
zene (9:1);  and  deoxycorticosterone  and 
corticosterone,  ether-benzene  (9:1).  The 
substrates  and  products  of  the  21 -hydroxyl- 
ase reaction  were  also  separated  on  a  1  x 
39-cm  column  of  Sephadex  LH-20  (11  g)  as 
described  by  Tan  and  Mulrow  (12).  After 


elution  from  either  the  thin-layer  plates  or 
the  Sephadex  LH-20  columns,  the  radioac- 
tive steroids  were  counted  in  a  Packard  Tri- 
Carb  scintillation  counter.  Quenching  was 
estimated  by  internal  standardization. 

Results  and  discussion.  Mitochondrial  and 
microsomal  HSD  activity.  HSD  was  assayed 
in  mitochondria  and  microsomes  prepared 
from  several  different  rat  adrenal  homoge- 
nates.  The  mean  specific  activities  (±  SEM) 
are  summarized  in  Table  lA.  While  HSD 
activity  was  present  in  both  the  mitochon- 
drial and  microsomal  fractions  the  specific 
activity  of  HSD  was  higher  in  the  micro- 
somes only  in  the  presence  of  added  NAD. 
This  resulted  from  the  fact  that  the  mito- 
chondrial HSD  was  active  in  the  absence  of 
added  NAD.  Exogenous  NAD  about  dou- 
bled the  mean  mitochondrial  HSD  activity. 
In  contrast,  the  microsomal  HSD  activit}' 
was  low  in  the  absence  of  NAD  and  was 
increased  at  least  20-fold  by  exogenous 
NAD.  As  shown  in  Table  IB,  these  mito- 
chondrial preparations  contained  measura- 
ble amounts  of  21 -hydroxylase,  a  microso- 
mal-marker  enzyme  in  this  tissue  (7).  In 
some  preparations  (not  shown)  21 -hydrox- 
ylase activity  reached  values  as  high  as  3 
nmol  deoxycorticosterone  formed  per  min- 
ute per  milligram  of  mitochondrial  fraction 
protein.  However,  the  ratio  of  HSD  activity 
(measured  in  the  presence  of  NAD)  to  the 
21 -hydroxylase  activity  was  five  to  seven 
times  greater  in  the  mitochondrial  fraction 


TABLE  I.  The  SpEanc  Activities  of  3/3-Hydroxysteroid  Dehydrogenase  (HSD)  and  21 -Hydroxylase 
IN  Rat  Adrenal  Mitochondrial  and  Microsomal  Fractions. 


HSD 

activity" 

HSD  (with 
NAD) 

21 

-Hydroxylase 
activity" 

Fraction 

No  NAD 

0.5  mA/  NAD 

21 -Hydroxylase 

A 

Mitochondria  (12) 
Microsomes  (5) 

7.5  ±  1.0 
1.1  ±  0.4 

14.4  ±  1.2 

26.5  ±  4.9 

- 

- 

B 

Mitochondria  (2) 
Microsomes  (2) 

13.5 
2.1 

20.5 
33 

1.0* 
10.1 

21 
3.4 

"  The  enzyme  assays  were  performed  as  described  under  Materials  and  Methods.  The  activities  are  in 
nanomoles  progesterone  (HSD)  and  deoxycorticosterone  (21 -hydroxylase)  formed  per  minute  per  miDigram  of 
protein.  The  numbers  in  parentheses  represent  the  number  of  separate  experiments.  Some  variation  in  cnzjmc 
specific  activity  was  noted  among  different  preparations  but  the  relationships  shown  under  A  and  B  always  held. 

*  1 1/3-Hydroxyprogesterone  may  be  formed  from  progesterone  by  mitochondria.  This  steroid,  which  migrated 
with  deoxycorticosterone  in  the  thin-layer  chromatographic  system  (ether: benzene,  9:1)  used  for  the  21-hydroxyl- 
ase  assay  in  microsomes,  was  separated  from  deoxycorticosterone  by  thin-layer  chromatography  using  chloro- 
form:methanol  (99:1)  or  by  Sephadex  LH-20  chromatography  (as  described  in  Methods). 
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ired  to  the  microsomal  fraction.  We 
ret  this  finding  to  mean  that  the  HSD 
y  of  the  mitochondrial  fraction  cannot 
e  entirely  to  microsomal  contamina- 
Similar  HSD/21 -hydroxylase  activity 
were  found  by  Moustafa  and  Koritz 
rat  adrenal  mitochondrial  and  micro- 
fractions,  but  were  interpreted  to 
a  selective  contamination  of  the  mito- 
ria  by  microsomes  high  in  HSD  and 
1  21 -hydroxylase  activity.  To  our 
edge  such  a  heterogeneity  of  enzyme 
y  has  not  been  demonstrated  in  the 
il  cortex  endoplasmic  reticulum. 
:e  about  half  of  the  mitochondrial 
activity  appeared  to  result  from  an 
membrane  enzyme  with  an  active  site 
the  matrix  space,  an  attempt  was 
to  influence  the  activity  of  this  enzyme 
uction  of  the  intramitochondrial  pyri- 
ucleotides.  We  have  previously  shown 
[lat  a  combination  of  inorganic  phos- 
citric  acid  cycle  substrates,  and  inhibi- 
3f  mitochondrial  electron  transport 

I  a  reduction  of  the  pyridine  nucleo- 
n  these  mitochondrial  preparations. 

II  shows  that  this  reagent  combina- 
hibited  endogenous  NAD-dependent 
londrial  HSD  activity  about  90%. 
ates  plus  inorganic  phosphate  alone 
ed  about  75%  and  rotenone  and  cya- 
lone  inhibited  only  about  10%  (not 
).  In  the  presence  of  exogenous 
mitochondrial  HSD  activity  was  de- 

d  about  40%  on  addition  of  the  inhib- 
ibstrate  combination.  Microsomal 
vas  essentially  inactive  in  the  absence 
genous  NAD  and  the  inhibitor-sub- 


strate combination  did  not  inhibit  microso- 
mal HSD  activity  significantly  in  either  the 
presence  or  absence  of  NAD. 

The  PH]progesterone  formed  during  the 
mitochondrial  and  microsomal  HSD  reac- 
tions was  characterized  in  two  different  thin- 
layer  and  a  Sephadex  LH-20  chromato- 
graphic system  (see  Materials  and  Meth- 
ods). Recovery  of  added  tracer  [*^C]proges- 
terone  ranged  from  88  to  1 13%.  In  other  ex- 
periments (not  shown),  we  found  good  cor- 
relation between  pregnenolone  disappear- 
ance and  progesterone  formation.  There- 
fore, no  new  or  different  products  were 
formed  during  the  mitochondrial  HSD  reac- 
tion. 

On  the  basis  of  these  results  it  seems  rea- 
sonable to  conclude  that  the  mitochondrial 
progesterone  formation  that  was  inhibited 
by  rotenone,  KCN,  and  the  citric  acid  cycle 
substrates  was  dependent  on  intramitochon- 
drial NAD.  We  assume  that  the  exogenous 
NAD-dependent  HSD  activity  of  these  mi- 
tochondrial fractions  is  due  either  to  micro- 
somal contamination  and/or  to  damaged  mi- 
tochondria whose  permeability  barriers  to 
exogenous  NAD  have  been  impaired. 
Moustafa  and  Koritz  (7)  reported  that  about 
one-half  of  the  mitochondrial  HSD  could  be 
accounted  for  by  microsomal  contamina- 
tion. In  our  experiments  (Table  I),  microso- 
mal contamination  accounted  for  less  than 
20%  of  the  mitochondrial  HSD  activity.  A 
redistribution  of  HSD  from  microsomes  to 
mitochondria,  as  suggested  by  Cowan  et  al, 
(8),  seems  unlikely  because  this  would  re- 
quire the  selective  transfer  of  HSD  and  not 
the  21 -hydroxylase.  A  transfer  of  HSD  from 


^E  II.  The  Effect  of  a  Combination  of  Krebs  Cycle  Substrates  and  Respiratory  Inhibitors  on 
HSD  AcnviTy  in  Mitochondria  and  Microsomes. 


HSD 

activity* 

1 

No  NAD 

0.5  mAf  NAD 

-1- Inhibitors* 

-1- Inhibitors* 

ochondria  (6) 
Tosomes  (2) 

5.8  ±  1.1                   0.60  ±  0.20 
0.40  ±  0.04                 0.67  ±  0.11 

12.0  ±  1.3                  7.7  ±  1.2 

16.1  ±  4.9                21.5  ±7.1 

tochondrial  and  microsomal  HSD  activity  was  measured  as  described  in  Materials  and  Methods  in  either 
encc  or  absence  of  0.5  mA/  NAD.  HSD  activity  is  given  as  nanomoles  progesterone  produced  per  minute 
igram  of  protein  ±  SEM.  The  numbers  in  parentheses  represent  the  number  of  different  experiments. 
;  inhibitor  combination  used  was  10  mA/  isocitrate,  10  mA/  o-ketoglutarate,  5  /lA/  rotenone,  0.5  mA/ 
,  and  1  mA/  phosphate.  Analysis  of  the  entire  thin-layer  chromatographic  plate  showed  that  no  steroid 
an  progesterone  was  formed  during  these  incubations,  i.e.,  the  inhibitor-dependent  decrease  in  progester- 
nation  was  not  due  to  the  appearance  of  11/3-hydroxyprogesterone. 
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microsomes  to  the  inner  mitochondrial 
membrane  so  that  the  active  site  faced  the 
matrix  space  without  disruption  of  the  mito- 
chondria is  especially  difficult  to  imagine. 

The  role  of  mitochondrial  HSD  in  adrenal 
cortex  steroidogenesis  is  purely  speculative 
at  this  point.  If  the  mitochondrial  enzyme  is 
regulated  in  vivo  by  the  NADH/NAD  ratio 
of  the  matrix  space  as  suggested  here,  the 
product  of  cholesterol  side  chain  cleavage 
that  leaves  the  mitochondrion  could  be 
either  pregnenolone  or  progesterone.  Hoch- 
berg  and  Lieberman  (14)  recently  reported 
that  progesterone  is  a  major  product  of  cho- 
lesterol side  chain  cleavage  in  rat  adrenal 
mitochondria  oxidizing  succinate.  Since 
NAD  was  not  added  in  their  experiments 
they  suggested  that  HSD  was  present  in  the 
mitochondria.  Our  results  support  that  in- 
terpretation. Further  studies  designed  to 
clarify  the  effect  of  the  intramitochondrial 
pyridine  nucleotide  redox  state  on  the  prod- 
uct of  cholesterol  side  chain  cleavage  will  be 
of  interest. 

Summary.  In  this  study  we  have  com- 
pared some  properties  of  the  microsomal 
and  mitochondrial  3j8-hydroxysteroid  dehy- 
drogenase/isomerase  (HSD)  from  the  rat 
adrenal  cortex.  The  following  major  differ- 
ences were  noted:  (i)  the  microsomal  en- 
zyme required  exogenous  NAD  while  the 
mitochondrial  enzyme  was  active  in  the  ab- 
sence of  added  NAD.  (ii)  The  mitochon- 
drial enzyme  was  inhibited  by  a  combination 
of  rotenone,  KCN,  and  citric  acid  cycle  sub- 
strates. These  agents  did  not  influence  the 
activity  of  the  microsomal  enzyme,  (iii)  The 
ratio  of  the  specific  activities  of  HSD  to  the 
21 -hydroxylase  (a  microsomal  marker  en- 


zyme) was  greater  in  the  mitochondria  than 
in  the  microsomes.  We  conclude  that  HSD 
is  present  in  the  inner  mitochondrial  mem- 
brane and,  therefore,  that  the  enzyme  has  a 
dual  mitochondrial  and  microsomal  localiza- 
tion in  the  rat  adrenal  cortex. 

The  authors  wish  to  thank  Drs.  P.  J.  Mulrow  and  S. 
Y.  Tan  for  several  helpful  discussions  during  the  course 
of  this  study. 
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have  earlier  reported  (1,2)  that  liver 
;  induced  in  Sprague-Dawley  rats  by 
;ding  of  acetylaminofluorene  (AAF) 
liibit  new  isozymes  of  aldehyde  dehy- 
ase  (Aid  D).  These  new  forms  can  be 
uished  from  those  of  normal  rat  liver 
eral  criteria:  (a)  normal  Aid  D  is 
specific  on  polyacrylamide  gels,  while 

Aid  D  can  use  either  NAD  or 
';  (b)  normal  Aid  D  isozymes  have  pi 

in  the  range  of  6.2-6.4,  whereas 
)f  liver  tumors  have  a  neutral  pi  (pH 
2);  (c)  the  new  forms  are  all  cytoplas- 
hereas  normal  liver  Aid  D  is  distrib- 
>etween  cytoplasm  and  particulate 
is;  and  (d)  the  tumor  isozymes  are 
table  than  the  normal  forms  to  heat, 
remes,  guanidine,  and  urea.  The  pur- 
»f  the  present  communication  is  to 
»e  the  relationship  of  the  new  Aid  D 
:o  species,  strain,  tissue,  and  carcino- 
igent.  Liver  tumors  discussed  in  this 
range  from  those  sometimes  called 
plastic  nodules''  (3)  to  malignant  ad- 
cinoma;  it  was  found  that  neither  the 
isozyme  pattern  nor  the  total  enzyme 
'  correlated  with  the  degree  of  cellu- 
erentiation. 

rials  and  methods.  Animals  used 
/eanling  male  Sprague-Dawley  and 
)  rats.  They  were  fed  the  diets  de- 

by  Perainoe/fl/.  (4):  (a)  normal  diet 
casein);  (b)  normal  diet  containing 

phenobarbital;  or  (c)  normal  diet 
ling  0.02%  AAF  or  DAB  (dimethyl- 
izobenzene).  Three  dietary  schedules 
mployed  to  induce  liver  tumors:  (a) 
r  DAB  diet  for  18  days,  then  normal 
jreafter;  (b)  AAF  for  18  days,  then 
barbital  diet  thereafter;  or  (c)  four 


k  supported  by  the  U.S.  ERDA  and  USPHS 
0.  CA  10729. 


cycles,  each  consisting  of  4  weeks  on  AAF 
diet,  followed  by  1  week  on  normal  diet. 
This  last  regimen  resembles  that  described 
by  Reuber  (5). 

Liver  tumors  were  also  induced  with  ethi- 
onine  in  a  manner  similar  to  that  described 
by  Epstein  ei  al.  (3).  Weanling  Sprague- 
Dawley  male  rats  were  fed  a  diet  containing 
0.25%  ethionine  for  5  weeks,  then  a  diet 
containing  0.5%  ethionine  for  3  weeks,  and 
finally  a  diet  containing  0.8%  ethionine  for 
8  weeks,  followed  by  a  normal  diet  thereaf- 
ter. 

Aid  D  activity  was  assayed  as  described 
earlier  (1);  essentially,  this  assay  measures 
the  increase  in  A340  due  to  reduction  of 
NAD  or  NADP  to  the  reduced  form,  as 
benzaldehyde  is  oxidized.  Polyacrylamide 
gel  electrophoresis  (PAGE)  was  done  using 
the  Canalco  apparatus  and  reagents,  and 
isoelectric  focusing  on  polyacrylamide  gel 
slabs  was  performed  with  the  Multiphor  ap- 
paratus (LKB  Produkter,  Bromma,  Swe- 
den), modified  for  greater  flexibility  as  de- 
cribed  elsewhere  (6). 

Results.  In  Sprague-Dawley  (S.-D.)  rats 
we  were  able  to  induce  liver  tumors  by  AAF 
or  DAB  by  any  of  the  dietary  regimens  of 
Peraino  described  above  (Table  I),  and  the 
tumors  invariably  resulted  in  the  production 
of  the  new  isozyme  forms  of  Aid  D.  In 
Buffalo  rats  liver  tumors  could  be  produced 
by  AAF  only  by  the  four-cycle  regimen  of 
Reuber  (5);  however,  all  liver  tumors  pro- 
duced in  a  Buffalo  rat  by  AAF  invariably 
showed  the  new  Aid  D  isozyme  forms  hav- 
ing the  characteristics  described  in  the  intro- 
duction. 

After  ethionine  feeding,  considerably 
fewer  tumors  developed.  These  tumors, 
with  a  single  exception,  were  lower  in  Aid  D 
activity  than  normal  liver,  and  showed  none 
of  the  characteristics  of  the  Aid  D  of  AAF 
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or  DAB  tumors.  The  single  exception  was  a 
late  developing  hepatocellular  carcinoma 
which  showed  Aid  D  isozymes  of  high  activ- 
ity and  characteristics  similar  to  those  in 
AAF-  or  DAB-induced  tumors. 

Table  II  indicates  that  the  high  Aid  D 
activity  observed  in  AAF-  or  DAB-induced 
liver  tumors  is  not  found  in  some  other  liver 
tumors  tested,  including  several  Morris  hep- 
atomas, or  in  a  variety  of  tumors  of  other 
tissues. 

Table  III  describes  the  Aid  D  activity  of 
nontumorous  rat  liver.  Particularly  note- 
worthy is  the  fact  that,  unlike  the  more 
common  situation  with  other  isozymes  in 
liver  tumors,  the  Aid  D  activity  of  the  tumor 
does  not  recapitulate  the  fetal  liver  pattern. 


Not  only  is  the  total  Aid  D  activity  of  fetal 
liver  much  lower  than  in  the  AAF  and  DAB 
liver  tumors,  but  the  fetal  enzyme  has  a 
specific  requirement  for  NAD  and  has  a  pi 
like  that  of  the  normal  liver  isozymes. 

Figure  1  compares  the  isoelectrically  fo- 
cused Aid  D  isozyme  patterns  of  AAF, 
DAB,  and  ethionine  tumors,  and  of  normal 
liver,  all  with  NAD  as  coenzyme.  It  is  of 
interest  to  note  that  (a)  the  lower  pi  iso- 
zymes (pH  6.2-6.4)  of  normal  liver  are  still 
expressed  by  the  tumors  induced  by  AAF 
and  DAB;  (b)  the  AAF  and  DAB  tumor 
isozymes  appear  qualitatively  similar  (pi 
6.9-7.2),  although  in  this  particular  in- 
stance there  is  some  quantitative  difference; 
and  (c)  the  ethionine  tumor  (a  hepatocellu- 


TABLE  I.  Aldehyde  Dehydrogenase  Activity  of  Rat  Liver  Tumors  as  Related  to  Rat  Strain  and 

CARaNOGEN  Fed." 


Tissue 

Dietary  regimen 

Aid  D  activity* 

Rat  strain 

Number 

Mean  ±  SD 

Range 

S.-D. 

Normal  liver 

Normal  diet 

15 

65  ±  14 

39-88 

S.-D. 

Liver  tumor 

AAF,  then  normal 

6 

215  ±  106 

74-355 

S.-D. 

Liver  tumor 

AAF,  then  phenob. 

10 

239  ±  94 

91-390 

S.-D. 

Liver  tumor 

AAF,  4  cycles 

33 

187  ±  348 

14-2010 

S.-D. 

Liver  tumor 

DAB,  then  phenob. 

3 

374  ±  128 

228-436 

S.-D. 

Liver  tumor 

Ethionine 

28 

17  ±  13 

0-48 

S.-D. 

Liver  tumor 

Ethionine 

r 

152 

Buffalo 

Normal  liver 

Normal  diet 

3 

68  ±  6 

62  ±73 

Buffalo 

Liver  tumor 

AAF,  4  cycles 

58 

129  ±  168 

0-658 

"  Abbreviations  used:  SD,  standard  deviation;  S.-D.,  Sprague-Dawley;  phenob,  phenobarbital. 

*  Aid  D  activity  units  are  defined  as  (change  in  A34o/minute/milligram  protein)  (1000),  corrected  for  non-Aid  D 
activity. 

"*  This  single  ethioinine-induced  liver  tumor  is  tabulated  apart  from  the  other  ethionine  tumors,  not  only  because 
its  Aid  D  was  more  active  than  that  of  the  others,  but  because  the  Aid  D  of  this  one  tumor  exhibited  biochemictl 
characteristics  we  have  heretofore  found  only  in  AAF-  or  DAB-induced  tumors  (see  text). 


TABLE  II.  Aldehyde  Dehydrogenase  Activity  in  Some  Other  Tumors." 


Strain 

Carcinogen 

Tissue 

Aid  D  activity 

Species 

Number 

Mean  ±  SD 

Range 

Rat 

S.-D. 

AAF 

Lung  tumor 
Intestinal  tumor 

1 
1 

9 

2 

Salivary  gland  tumor 

2 

1  ±  1 

0-1 

Rat 

Buffalo 

MBAF 

Morris  hepatoma  9618B 

1 

0 

FPA'^ 

Morris  hepatoma  7777 

3 

3  ±  3 

0-5 

FPA 

Morris  hepatoma  5123tc 

3 

11  ±  13 

2-26 

FPA 

Morris  hepatoma  7800 

3 

26  ±  1 

25-27 

FPA 

Morris  hepatoma  7794A 

1 

49 

Mouse 

BCF, 

None 

Normal  liver 

3 

19  ±  20 

5-42 

None 

Liver  tumor  (spontaneous) 

3 

13  ±  17 

1-32 

Mastomys 

None 

Normal  liver 

1 

20 

None 

Liver  tumor  (spontaneous) 

1 

0 

'  Aid  D  activity  is  defined  as  in  Table 
'  a-(4'methyl-)benzoylaminofluorene . 
N-2-fluorenylphthalamic  acid. 


legend. 
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ABLE  in.  Aldehyde  Dehydrogenase  Activity  in  Nontumorous  Sprague-Dawley  Rat  Liver. 


AldD 

activity 

**Tumor** 

Liver 

Number 

isozymes" 

Mean  ±  SD 

Range 

1  adult  (normal  diet) 

15 

0 

65  ±  14 

39  ±  88 

srating 

r  postpartial  hepatectomy 

1 

0 

51 

ays  postpartial  hepatectomy 

1 

0 

50 

ays  postpartial  hepatectomy 

1 

0 

57 

ays  postconception 

3 

0 

3±  1 

2-12 

ays  postconception 

3 

0 

6±  2 

5-8 

al"  after  AAF  feeding* 

umor  macroscopically  evident 

AF,  then  normal  diet 

1 

0 

56 

AF,  then  phenobarbital 

2 

0 

85  ±  35 

60-109 

or  elsewhere  on  liver 

AF,  then  normal  diet 

3 

1 

59  ±  5 

54-63 

AF,  then  phenobarbital 

5 

2 

70  ±  15 

53-87 

AF,  four  cycles 

5 

5 

57  ±  10 

44-72 

umor''  type  isozymes  are  defined  as  multiple  bands  appearing  on  PAGE  gels  at  the  appropriate  location 
tandard  conditions.  Numbers  given  are  the  numbers  of  sections  examined,  and  those  found  to  contain  these 

ese  are  macroscopically  and  histologically  normal  liver  sections,  taken  at  sacrifice  at  least  6  months  after 
)n  of  a  diet  of  AAF  followed  by  phenobarbital,  or  after  four  cycles  of  AAF,  or  at  least  12  months  after  start 
it  of  AAF  followed  by  normal  diet.  These  are  the  times  at  which  grossly  macroscopic  tumors  were  first 
d  in  this  experiment. 
D  activity  is  defined  as  in  Table  1  legend. 


arcinoma)  showed  even  less  activity 
did  the  normal  liver.  It  is  unfortunate 
the  single  active  ethionine  tumor  was 
soelectrically  focused;  the  tissue  was 
y  used  up  in  routine  assays  and  PAGE 
)efore  it  was  realized  that  it  exhibited 
omalous  Aid  D  activity, 
ure  2  shows  the  same  tissues,  using 
P  as  coenzyme.  It  is  clear  that  the 
al  type  (lower  pi)  isozymes,  in  either 
al  liver  or  AAF-  or  DAB-induced  tu- 
,  cannot  use  NADP  as  coenzyme;  the 
al  pi  isozymes  characteristic  of  these 
rs  used  NADP  approximately  as  effec- 

as  NAD. 

'cussion.  The  liver  tumors  studied  in 
vork  were  assayed  and  tested  for  iso- 

pattern  by  one  individual,  and  evalu- 
liistologically  for  degree  of  differentia- 
by  another.  No  correlation  could  be 
I  between  the  biochemical  and  the  his- 
ical  characteristics.  For  example,  the 
:  ethionine-induced  hepatocellular  car- 
la  with  a  high  Aid  D  activity  had  a 
I  reaction  on  PAGE  gels  with  either 

or  NADP,  while  other  hepatocellular 
lomas  induced  by  ethionine  showed 
low  Aid  D  activity,  faint  or  absent 


PAGE  banding  with  NAD,  and  no  PAGE 
banding  with  NADP.  AAF-induced  tumors 
also  exhibited  no  correlation  between  bio- 
chemical and  histological  characteristics. 

The  reason  for  the  wide  quantitative  vari- 
ation in  tumor  Aid  D  activity  is  unknown. 
However,  in  the  case  of  AAF-  or  DAB- 
induced  liver  tumors,  the  isozyme  pattern 
we  associate  with  tumor  Aid  D  is  invariably 
present,  although  faintly  in  tumors  of  low 
total  Aid  D  activity. 

This  sort  of  faint,  but  recognizable  tumor 
isozyme  pattern  has  also  been  observed  oc- 
casionally in  the  macroscopically  and  histo- 
logically normal  sections  of  livers  of  rats  that 
had  been  fed  AAF  many  months  earlier  and 
that  exhibited  tumors  elsewhere  in  the  liver. 
In  other  words,  the  biochemical  change  has 
upon  occasion  been  observed  in  areas  where 
no  histological  change  is  yet  observable.  It 
was  unexpected  that  the  isozyme  pattern 
found  in  the  hepatocellular  carcinomas 
should  also  be  found  in  lesions  in  which 
hypertrophy,  hyperplasia,  and  altered  gly- 
cogen storage  were  the  only  indications  of 
neoplasia.  It  was  even  more  surprising  to 
detect  the  isozyme  changes  in  the  appar- 
ently normal  livers  of  rats  treated  with  car- 
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AAF      DAB      ETH     N.L 


AAF     DAB     ETH     N.L. 


Fig.  1.  Photographs  and  drawn  counterparts  of  isoelectrically  focused  Aid  D  activity  of  rat  liver  tumors 
induced  by  AAF,  DAB,  or  ethionine  (ETH),  or  of  normal  rat  liver  (N.  L.).  Substrate  was  benzaldehvde; 
coenzyme  was  NAD.  The  variability  of  location  of  the  AAF  and  DAB  tumor  bands  is  no  greater  than  seen  in  a 
series  of  AAF  tumors.  At  least  part  of  the  variation  is  due  to  slight  day-to-day  shifts  in  the  location  of  the  pH 
gradient.  The  strong  bands  always  have  a  pi  range  of  6.9-7.2,  while  the  weaker  bands,  found  also  in  normal  liver, 
have  a  pi  of  6.2-6.4.  Cathode  is  at  top,  anode  at  bottom. 


cinogens.  While  an  extensive  examination 
was  made,  serial  sections  were  not  cut,  and 
as  it  is  not  known  how  many  altered  cells 
have  to  be  present  for  the  detection  of  the 
characteristic  isozyme  pattern  of  the  tumor, 
the  interpretation  of  this  result  must  be 
made  with  caution. 

The  role  of  Aid  D  in  the  economy  of 
normal  liver  or  of  liver  tumors  is  not  clear. 


The  enzyme  has  been  studied  by  others 
chiefly  with  regard  to  alcohol  metabolism, 
but  ethanol  is  hardly  to  be  considered  an 
important  natural  metabolite.  The  sugges- 
tion has  been  made  (7)  that  Aid  D  may  be 
of  importance  in  the  metabolism  of  alde- 
hydes resulting  from  the  oxidative  deamina- 
tion  of  biogenic  amines;  this  w^ould  seem  to 
be  a  trivial  consideration  in  the  tumor  econ- 
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The  new  Aid  D  isozymes  of  these 
s  are  of  interest  to  us  chiefly  as  a 
nient  device  for  studying  the  mecha- 
ivhereby  the  carcinogenic  transforma- 
s  linked  to  the  production  of  a  new 
ular  species  of  protein, 
connection  with  this  mechanism  the 
cal  specificity  of  the  carcinogen  is  of 
St.  Liver  tumors  induced  with  AAF  or 
invariably  show  the  same  new  Aid  D 
les;  liver  tumors  induced  with  ethio- 
lo  not.  The  qualitative  constancy  of 
^F  and  DAB  effect  argues  against  the 
ility  of  a  mutation  on  the  structural 
)iosynthesizing  the  new  Aid  D;  on  the 
hand,  a  change  in  the  control  of  the 


expression  of  a  structural  gene  for  Aid  D 
could  lead  to  the  invariant  production  of 
identical  isozymes.  The  results  for  the  ethio- 
nine-induced  tumors  suggest  that  there  is  no 
correlation  between  tumorigenesis  and  the 
alteration  in  the  control  of  the  structural 
gene  for  Aid  D.  The  oncogenic  property  of 
AAF  and  ethionine  indicates  a  commonality 
in  some  of  the  sites  altered  by  these  com- 
pounds, whereas  the  difference  in  the  iso- 
zyme patterns  of  the  Aid  D  suggests  that,  in 
addition,  these  compounds  affect  sites  that 
are  not  in  common. 

The  fact  that  the  five  Morris  hepatomas 
tested  — ranging  from  very  fast  to  very  slow 
growing,  from  poorly  differentiated  to  well 


AAF 

DAB 

ETH 

N.L. 

AAF     DAB     ETH      N.L. 

Fig.  2.  Legend  as  for  Fig.  1,  except  that  coenzyme  was  NADP. 
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differentiated  — all  showed  very  low  Aid  D 
activity  and  none  of  the  PAGE  banding  typ- 
ical of  AAF  tumors,  could  be  attributed  to 
one  of  three  factors:  rat  strain  (Morris  hepa- 
tomas are  carried  in  Buffalo  rats),  nature  of 
the  carcinogen  used,  or  the  fact  that  the 
Morris  hepatomas  were  all  multigenera- 
tional  transplants,  while  the  other  liver  tu- 
mors we  have  studied  were  autochthonous. 
The  Aid  D  of  tumors  induced  (with  diffi- 
culty) by  feeding  Buffalo  rats  with  AAF 
resembles  the  Aid  D  of  liver  tumors  in 
AAF-fed  Sprague-Dawley  rats.  The  critical 
test  for  choosing  between  the  other  two  al- 
ternatives would  be  the  observation  of  Aid 
D  isozymes  in  transplanted  AAF  tumors; 
such  a  transplantation,  however,  we  have 
not  yet  been  able  to  achieve.  Because  of  the 
difference  in  effect  of  ethionine,  as  opposed 
to  AAF,or  DAB,  we  feel  the  most  likely 
reason  for  nonactivity  in  the  Morris  hepato- 
mas tested  lies  in  the  nature  of  the  carcino- 
gen initially  used. 

The  last  point  that  we  wish  to  emphasize 
is  that  the  tumor  Aid  D  isozymes  do  not 
repeat  the  fetal  pattern.  This  is  in  contrast  to 
Potter's  suggestion  (8)  of  **oncogeny  as 
blocked  ontogeny,"  and  to  a  host  of  obser- 
vations on  other  liver  isozymes  [see  for  in- 
stance (8)].  Because  of  this  lack  of  recapitu- 
lation of  the  fetal  situation,  we  consider  the 
tumor  Aid  D  production  to  be  a  possible 
instance  of  an  "archeogene"  (9),  a  gene 
ability  repressed  for  untold  ages  and  now 
released  under  the  influence  of  certain  spe- 
cific stimuli. 

Summary.  All  liver  tumors  induced  in  rats 
by  AAF  or  DAB,  but  only  one  out  of  29 


tumors  induced  by  ethionine,  exhibited  neu 
isozymes  of  aldehyde  dehydrogenase.  These 
new  isozymes,  which  differed  from  those  of 
normal  liver  with  regard  to  activity,  pi,  sta- 
bility, cellular  distribution,  and  coenzyine 
specificity,  were  not  found  in  fetal  or  regen- 
erating rat  liver,  nor  in  spontaneous  liver 
tumors  of  the  mouse  or  mastomys,  nor  in 
several  other  tumors  appearing  in  rats  bear- 
ing AAF-induced  liver  tumors,  nor  in  any  of 
several  transplanted  Morris  hepatomas.  The 
activity  of  the  new  isozymes  did  not  co^^^ 
late  with  histological  criteria  of  differentia- 
tion, and  the  new  forms  were  sometimes 
detectable  in  the  liver  of  AAF-fed  rats  in 
areas  where  no  tumor  was  macroscopically 
or  histologically  visible. 
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Metabolic  Disposition  of  )3-Aminopropionitrile  in  the  Rat^-^ 
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I  trolled  osteolathyrism,  for  many 
a  laboratory  curiosity,  is  now  emerg- 
a  clinical  tool  of  potential  importance. 
Liccessful  use  of  beta-aminopropioni- 
BAPN)  in  prevention  of  esophageal 
re  and  in  overcoming  the  restrictive 
.  of  peritendinous  adhesions  in  animal 
ments  (1-3)  had  led  to  human  clinical 
Results  with  BAPN  in  treatment  of 
ts  with  urethral  stricture^  and  tendon 
ons  indicate  that  the  physical  proper- 
scar  tissue  may  be  amenable  to  bio- 
:al  control  (4,  5). 

hese  preliminary  trials,  discrepancies 
>een  noted  between  the  clinical  data 
tie  predicted  biochemical  reactions 
the  dose  of  BAPN  administered, 
observations  have  raised  questions 
ning  the  uptake,  metabolism,  and  ex- 
I  of  BAPN .  Information  in  such  areas 
contribute  to  safer  and  more  effective 
;  of  BAPN  as  well  as  to  the  interpreta- 
'  future  clinical  studies. 

report  describes  a  method  based 
thin-layer  chromatography  (tic)  for 
rement  of  BAPN  directly  in  urine  and 
issues  of  rats.  Because  the  major  me- 
e  of  BAPN  in  the  rat  is  cyanoacetic 
"A A)  (6),  which  is  nonlathyrogenic 
AA  was  measured  concurrently  by  a 
cation  of  the  method  of  Sievert  et  al. 
Utilization  of  [»^C]nitrile-labeled 
made  it  possible  to  measure  the  rate 
version  of  BAPN  to  CAA  by  tissue 
enates. 

*rials  and  methods.   Beta-aminopro- 

ile   fumarate   and   CAA   were   pur- 

from   commercial   sources.   Plastic 

sorted  in  part  by  NIH  Grants  No.  AM  18706 

AM  14047. 

ented  in  part  at  the  annual  meeting  of  the 

Anaheim.    California,    April    1976    (Abstr. 

Fed.  Proc.35,  679,  1976). 

'..  Peacock.  Jr.,  unpublished  data. 


precoated  silica  gel  sheets  (250  yM)  with- 
out CaS04  binder  (Macherey  Nagel)  and 
ninhydrin  aerosol  spray'*  were  purchased 
from  Brinkmann  Instruments,  Westbury, 
New  York.  [^^CJNitrile-labeled  BAPN 
(2.03  mCi/mmole)  and  [2-«^C]CAA  (55.5 
mCi/mmole)  were  obtained  from  Hoffman- 
LaRoche,  Inc.,  Nutley,  N.J.,^  and  ICN  Iso- 
tope and  Nuclear  Division,  Irvine,  Calif., 
respectively.  Both  gave  single  radioactive 
peaks  by  tic. 

Female  Sprague-Dawley  rats  weighing 
200-250  g  were  used  in  groups  of  three  for 
the  in  vivo  studies.  BAPN  was  diluted  in 
sterile  saline  and  injected  ip  at  400  mg/kg 
into  one  group.  Diuresis  was  produced  in  a 
second  group  by  administering  15  ml  of  sa- 
line sc  prior  to  ip  injection  of  BAPN.  A 
third  group  was  injected  ip  with  456  mg/kg 
of  CAA  (equivalent  to  BAPN  dosage).  Ur- 
ine was  collected  under  toluene  at  2,  3, 4, 6, 
12,  and  48  hr,  the  volume  was  recorded, 
and  the  sample  frozen  at  -20**  until  ana- 
lyzed for  BAPN  and  CAA. 

Tic  of  BAPN  in  urine.  Urine  samples  were 
centrifuged  and  an  aliquot  of  the  superna- 
tant from  samples  collected  at  2,  3,  4,  and  6 
hr  was  diluted  1:10  with  80%  ethanol.  The 
12-hr  sample  was  diluted  1:5  with  100% 
ethanol.  The  24-  and  48-hr  samples  were 
not  diluted.  Two-microliter  aliquots  of  all  of 
the  samples  except  the  48-hr  sample  were 
spotted  on  a  tic  plate.  The  48-hr  sample 
required  a  10- /xl  aliquot  for  assay.  A  BAPN 
standard  in  80%  ethanol  (100  /xg/ml)  and 
control  urine  taken  prior  to  administration 
of  BAPN  were  cochromatographed.  The  tic 
plate  was  developed  in  acetone,  1  M 
NH4OH  (9:1)  for  10  cm,  removed,  dried  in 

*  Ninhydrin  aerosol  spray  (0.1%  in  isopropanol) 
from  E.  Merck  (Catalog  no.  6758). 

''  We  are  grateful  to  Hoffmann-LaRoche,  Inc.,  of 
Nutley,  N.J.,  for  a  supply  of  ['^Cjnitrile-labeled 
BAPN. 
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air,  then  heated  at  90-100**  for  30  min.  The 
plate  was  sprayed  with  ninhydrin  aerosol 
and  reheated  for  8-10  min  at  90-100^  The 
violet  spots  corresponding  to  an  /?/  of  0.6 
were  scanned  with  a  Beckman  R-1 10  Micro- 
zone  Densitometer  after  cutting  the  tic  plate 
into  suitable  strips.  The  tracings  were  cut 
out,  weighed  on  an  analytical  balance,  and 
the  BAPN  in  the  urine  sample  calculated 
utilizing  the  formula: 

experimental  trace  (mg) 
standard  trace  (mg) 

X  BAPN  standard  spotted  (fig) 

X  dilution  factor 

vol  of  urine  (ml) 

X  ^^ — . 

vol  spotted  (ml  x  lO'^) 

CAA  in  Urine.  Aliquots  (0.1  ml)  of  cen- 
trifuged  urine  corresponding  to  the  samples 
used  in  the  BAPN  study  were  diluted  to  1 .0 
ml  with  H2O.  Sixty  percent  H2SO4  (0.2  ml) 
was  added,  followed  by  10  ml  of  ethyl  ace- 
tate (EA)  saturated  with  H2O.  Samples 
were  extracted  for  10  min  on  a  mechanical 
shaker,  centrifuged  at  2000  rpm  for  5  min, 
and  5  ml  of  supernatant  was  transferred  to 
graduated  tubes  containing  0.5  ml  of  0.1  M 
acetate  buffer  at  pH  5.0.  The  contents  were 
shaken  and  the  ethyl  acetate  evaporated  un- 
der N2  at  55-65**.  All  samples  were  brought 
to  10  ml  with  H2O.  Control  specimens  of 
urine  with  and  without  1 00  /xg  of  CAA  were 
run  concurrently  as  a  standard  and  specimen 
blank,  respectively.  Aliquots  of  the  final  10- 
ml  dilution  ranging  from  0.1  to  1 .0  ml  were 
analyzed  colorimetrically  as  described  by 
Sievert  et  al.  (7).  The  maximum  optical  den- 
sity obtained  against  a  water  reference  at 
490  nm  and  corrected  for  the  specimen 
blank  was  used  to  calculate  the  CAA  con- 
tent in  the  experimental  urines  according  to 
the  following  formula: 


OD  of  experimental 


OD  of  standard 

10  ml 


X  standard  (/xg) 


aliquot  for  colorimetry  (ml) 


10  ml 


urine  vol  (ml) 


EA  aliquoted  (ml)  0.1  ml 

Characterization  of  the  radioactivity  in  rat 


liver  and  brain  after  injection  of[^^C]BAPN. 
Determination  of  CAA,  In  a  preliminary  ex- 
periment, the  partition  coefficient  of 
[i^C]BAPN  and  [»^C]CAA  was  separately 
determined  in  0.01  M  unlabeled  BAPN  and 
CAA,  respectively.  The  solutions  were  acid- 
ified with  H2SO4  as  in  the  previous  determi- 
nation. Ten  volumes  of  diethyl  ether  previ- 
ously saturated  with  H2O  were  added  and 
the  mixture  agitated  for  10  min.  After  cen- 
trifugation,  aliquots  of  the  ether  layer  were 
added  to  scintillation  vials  containing  1  ml 
of  0.01  M  BAPN  and  CAA  in  HjO,  and  the 
ether  was  evaporated  by  an  air  current. 
Only  1  ±  0.2%  (SD)  of  the  radioactivity 
from  [*^C]BAPN  was  found  in  the  ether 
layer,  while  80.0  ±  0.6%  (SD)  of  the 
[*^C]CAA  (six  trials)  was  extracted  by 
ether.  Similar  recoveries  were  obtained  in 
the  presence  of  liver  and  brain  tissue  as 
described  below. 

BAPN  (8.3  mg)  containing  4.95  fiCi  of 
[^'•CIBAPN  was  injected  iv  into  each  of 
three  rats.  After  24  hr,  the  animals  were 
sacrificed  and  the  brain  and  liver  were  re- 
moved, blotted,  and  weighed.  Tissue  was 
stored  at  -20**.  Thirty  percent  homogenates 
were  prepared  in  0.01  M  CaCl2.  Two-tenths 
milliliter  of  liver  and  0.5  ml  of  brain  homog- 
enate  received  0.1  ml  of  1%  Triton  X-100 
in  0.01  A/  CaCl2  and  were  brought  to  1 .0  ml 
with  the  CaCl2  solution.  After  incubating 
for  1  hr  at  37**  to  allow  the  Triton  X-100  to 
further  solubilize  the  tissue,  the  CAA  pres- 
ent in  the  tissue  was  estimated  by  ether 
extraction.  The  radioactivity  ascribable  to 
*^CAA  in  disintegrations  per  minute  per 
gram  of  tissue  was  calculated  by  the  follow- 
ing formula: 


net  cpm 


counting  efficiency 


10  ml 


vol  of  ether  aliquoted 


X  partition  ratio 
1000  mg 


wt  of  tissue  (mg)  ' 

The  nanomoles  of  CAA/g  equivalent  to  tht 
dpm/g  were  calculated  from  the  specific  ac- 
tivity of  the  [»^C]BAPN  administered. 

Test  for  BAPN  in  brain  tissue,  One-milli- 
liter  aliquots  of  the  30%  homogenates  o\ 
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I  tissue  were  added  to  4  ml  of  ice-cold 
lol.  After  30  min  in  ice,  samples  were 
ifuged  at  2000  rpm  for  10  min.  Four- 
five-tenths  milliliters  of  supernatant 
reduced  to  less  than  1 .0  ml  by  drying 
r  N2  at  60-70**.  All  samples  were  ad- 
d  to  1 .0  ml  with  80%  ethanol.  Aliquots 
ml)  were  transferred  to  microvials  and 
I  evaporated  to  dryness  under  N2  at  60- 
The  residues  were  suspended  in  50  /xl 
)%  ethanol  on  a  Vortex  mixer.  Radio- 
ity  was  measured  by  counting  a  5-/xl 
ot  in  1  ml  of  H2O  containing  0.01  M 
)eled  BAPN  and  CAA  as  carrier.  Unla- 
1  BAPN  was  added  to  the  remaining  45 
f  the  experimental  samples  to  provide 
tg  of  BAPN  per  10- /xl  aliquot  of  sample 
ed  on  the  tic  plate.  A  BAPN  standard 
/xg)  in  80%  ethanol  was  spotted  also.  A 
i  control  from  a  rat  not  injected  with 
BAPN  but  receiving  a  radioactive  spike 
\ro  was  cochromatographed.  All  spots 
sponding  to  an  /?/  of  0.6  were  scraped 
scintillation  vials;  1  ml  of  carrier  BAPN 
idded  and  the  samples  counted. 
nversion  of  BAPN  to  CAA  in  vitro. 
BAPN  was  added  to  sufficient  carrier 
N  so  that  2  fiM  contained  5   x   lO"^ 

Labeled  BAPN  (20  /xl)  was  added  to 
ml  of  0.2  A/  phosphate  buffer  (pH  7.4) 
eld  concentrations  of  BAPN  in  the 
I  of  2.5  to  40  mA/.  Next,  20  /xl  of 
ly  prepared  5%  rat  liver  homogenate 
idded  to  the  experimental  samples.  The 

volume  of  boiled  homogenate  was 
d  as  a  control  for  each  BAPN  concen- 
m .  A  blank  containing  tissue  alone  (no 
N)  and  tissue  containing  [^'•CJCAA  to 
ate   the   recovery   of  the   metabolite 

also  analyzed.  All  samples  were 
2d  with  O2  for  15  sec,  and  screw  caps 
tightened  on  the  centrifuge  tubes  con- 
ig  the  samples.  Samples  were  incu- 
I  at  37°  for  30  min  and  0.2  ml  of  2  N 
added  to  terminate  the  reaction.  One- 
milliliter  of  carrier  CAA  was  added  to 
M  concentration,  followed  by  5  ml  of 
yl  ether  equilibrated  with  1  N  HCI. 
s  were  agitated  mechanically  for  10 
centrifuged,  and  4-mI  aliquots  of  the 

layer  transferred  to  scintillation  vials 
ining  1.0  ml  of  0.01  A/  CAA.  Ether 
rvaporated  with  an  air  stream  at  am- 

temperature,  10  ml  of  aquasol  was 


added,  and  the  samples  were  counted.  Ra- 
dioactivity was  converted  to  /xA/  of  CAA/g/ 
hr  by  use  of  the  specific  activity  value  for  the 
[^^C]BAPN  added. 

Results.  Recovery  of  BAPN  in  rat  urine. 
Figure  1  shows  mean  values  for  unchanged 
BAPN  in  the  urine  of  three  rats  for  48  hr 
following  an  ip  injection  of  400  mg/kg  of 
BAPN.  Saline  diuresis  in  the  second  group 
of  rats  produces  earlier  and  more  rapid  ex- 
cretion of  urinary  BAPN.  The  diuresed  rats 
also  excreted  more  BAPN  in  24  hr  than 
those  not  receiving  diuresis;  both  groups 
showed  negligible  excretion  of  unchanged 
BAPN  thereafter. 

Recovery  of  CAA  in  the  urine  of  rats  given 
400  mg/kg  of  BAPN  or  the  equivalent  dose 
of  CAA  directly.  Mean  values  for  CAA  in 
urine  of  rats  undergoing  saline  diuresis  and 
treated  with  BAPN  were  compared  with  the 
urinary  CAA  found  in  similarly  diuresed 
animals  given  the  equivalent  dose  of  CAA 
(456  mg/kg  ip)  (Fig.  2).  Direct  injection  of 
CAA  is  followed  by  rapid  and  almost  com- 
plete excretion  of  the  compound  within  48 
hr.  Almost  60%  of  directly  injected  CAA 
could  be  recovered  contrasted  to  2%  recov- 
ery of  BAPN-derived  CAA  in  urine  6  hr 
following  ip  injection.  Thereafter,  urinary 
CAA  excretion  in  animals  given  BAPN  in- 
creased gradually  over  48  hr  to  approxi- 
mately 22%  of  the  dose  administered. 

Recovery  of  CAA  from  rat  liver  and  brain 
after  injection  ofP^CJ  BAPN.  The  partition 
study  described  in  the  Methods  section 
showed  99%  of  [>^C]BAPN  remained  in  the 
aqueous  phase  after  extraction  with  diethyl 
ether;  80%  of  [>^C]CAA  was  extracted  by 
ether  under  identical  conditions.  Radioac- 
tivity recovered  by  ether  from  rat  brain  and 


With  Sakne  Diuresis 


0  246810      12  24  48 

Tifne  After  Injection  (Hours) 

Fig.  1 .  Recovery  of  BAPN  from  rat  urine.  BAPN, 
400  mg/kg,  was  injected  into  two  groups  of  three  rats 
each.  One  group  received  1 5  ml  of  saline  sc  concurrent 
with  BAPN  dosage.  The  curves  represent  mean  recov- 
eries from  each  group. 
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0  2  3  4  6  12  24 

Time  FotovMng  bi^ecion  (Hours) 

Fig.  2.  Cyanoacetic  acid  in  rat  urine  after  injection 
of  BAPN  or  cyanoacetic  acid  (CAA).  BAPN,  400  mg/ 
kg,  or  CAA,  456  mg/kg  (dosage  equivalent  to  BAPN), 
was  injected  ip  into  two  groups  of  three  rats  given  1 5  ml 
of  saline  sc  concurrent  with  drug  dosage.  The  histo- 
grams represent  mean  recoveries  from  each  group. 

liver  in  animals  injected  with  ['^C]BAPN 
and  sacrificed  24  hr  later  is  therefore  taken 
as  [»^C]CAA  (Table  I). 

When  the  aqueous  phase  remaining  from 
the  experimental  samples  of  rat  liver  was 
extracted  with  ether  a  second  time,  80%  of 
the  radioactivity  again  distributed  itself  into 
the  ether  phase,  suggesting  that  the  BAPN- 
derived  radioactivity  remaining  in  the 
aqueous  phase  after  the  first  extraction  was 
also  CAA. 

Tic  for  BAPN  in  brain  tissue  after  iv  injec- 
tion ofP^CJBAPN  into  rats.  An  aliquot  of 
tissue  homogenate  prepared  from  brains  of 
rats  sacrificed  24  hr  after  iv  injection  with 
[»^C]BAPN  was  analyzed  for  BAPN  as  de- 
scribed. Calculations  from  Table  II  show 
that  76%  of  the  radioactivity  added  as 
[*^C]BAPN  to  the  control  and  measured 
prior  to  chromatography  could  be  recovered 
from  the  spot  corresponding  to  BAPN  (Rf  = 
0.6)  after  chromatography.  Experimental 
tissues  yielded  no  radioactivity  in  the  corre- 
sponding spots  from  the  unlabeled  carrier 
BAPN  added  (Table  II). 

Conversion  ofP^CJBAPN  to  CAA  by  rat 
liver  homogenate  in  vitro.  Conversion  of 
[»^C]BAPN  to  [»^C]CAA  appears  approxi- 
mately linear  in  the  range  of  2.5  to  10  mA/ 
inclusive  of  [»^C]BAPN  added  (Table  III). 
The  data  indicate  that  a  small  percentage  of 
BAPN  added  was  changed  to  CAA.  Table 
III  also  shows  that  under  the  conditions  of 


this  experiment  addition  of  a  starting  con- 
centration of  40  mAf  BAPN  resulted  in  for- 
mation of  a  lesser  amount  of  CAA  than  that 
obtained  from  a  30  mA/  BAPN  concentra- 
tion. 

Discussion .  Results  of  these  experiments 
indicate  that  active  half  life  of  BAPN,  ad- 
ministered to  rats  as  a  single  ip  dose,  is 
short.  Urinary  excretion  of  unchanged 
BAPN  began  shortly  after  injection  and  ap- 
proached maximum  within  12  hr  at  which 
time  approximately  33%  of  the  adminis- 
tered dose  was  excreted  (Fig.  1 ).  This  effect 
was  exaggerated  by  saline  diuresis,  presum- 
ably by  increasing  renal  excretion  before 
BAPN  could  be  deposited  in  tissues.  Negli- 
gible BAPN  was  recovered  in  urine  after  24 
hr  in  both  nondiuresed  and  diuresed  rats 
(Fig.  1).  The  radioactivity  in  rat  brain  and 

TABLE  I.  Recovery  of  CAA  from  Rat  Livei 
AND  Brain  after  Intravenous  Injection  of 

[•k:)bapn.« 


"8.3  mg  of  BAPN  containing  4.95  $iCi  were  in- 
jected. 24  X  10>  nmole  =  1  fiCi  (2.22  x  10"dpin). 

*  Corrected  for  95%  recovery  of  [»*C1CAA  added  to 
liver  tissue  from  control  rats  (no  BAPN). 

TABLE  II.  Effect  of  tlc  on  the  RADiOAcnvmr 
IN  Brain  Homogenates  of  Rats  Injected  wrra 

[•k:]bapn.- 


Sample 

Radioactivity  (dpm/g) 
Before  tic     After  lie 

Control  +  [>K:1BAPN* 
Experimental,  Rat  no.  I 
Rat  no.  2 
Rat  no.  3 

1925            1472 
7105                 0 
4822                 0 
7002                 0 

CAA  Re        1 

[»k:icaa  Re- 

covered 

Tissue 

covered* 

(nmoks/g) 

A.  Liver 

Control  (no 

17 

- 

BAPN) 

Experimental: 

A 

14,062 

152 

B 

8,872 

96 

C 

10,453 

113 

B.  Brain 

Control  (no 

15 

- 

BAPN) 

Experimental: 

A 

7,894 

85 

B 

6,733 

73 

C 

7,198 

78 

°  8.3  mg  of  BAPN  +  [»K:)BAPN  (4.95  /iCi)  were 
injected  and  the  animal  sacrificed  24  h  later. 

^  Control  brain  homogenate  received  3360  dpm  of 
['^C]BAPN  and  was  analyzed  and  cochromatopaplied 
along  with  the  experimental  brain  tissues. 
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-E  III.  Conversion  of  ['♦CJBAPN  to  CAA 
BY  Rat  Liver  Homogenate"  in  vitro. 


V'C] 

BAPN' 

Initial 

Ether 

^7i 

concen- 

layer (A- 

tration 

B) 

fiM 

(dpm) 

(mA/) 

(dpm) 

CAA/g/hr 

_ 

_ 

15 

_ 

5875 

_ 

4870 

_ 

- 

2.5 

140 

1.12 

— 

5.0 

296 

2.37 

— 

10.0 

570 

4.56 

- 

20.0 

702 

5.62 

— 

30.0 

992 

7.94 

- 

40.0 

886 

7.09 

:nty  microliters  of  fresh  (A)  or  boiled  (B)  5% 
homogenate  equivalent  to  1  mg  of  tissue  was 

;d  with  the  concentrations  of  ['^CjBAPN  listed 

)r  30  min  in  0.2  ml  of  0.2  Af  phosphate  buffer, 
partition  ratio  of  4870  dpm  in  the  ether  layer 

e  5875  dpm  added  as  ['^CJCAA  provided  a 

3n  factor  for  the  dpm  obtained  with  experimen- 

)les. 
10*  dpm  of  ['^CJBAPN  =  2  /iimole  of  the 

nd. 


n  animals  sacrificed  24  hr  after  injec- 
»f  [*^C]BAPN  appeared  to  be  exclu- 
nonlathyrogenic  [»^C]CAA  (Tables  I 
).  Although  based  on  a  limited  num- 
animals,  the  observations  in  the  urine 
ssues  suggest  that  concentrations  of 
J  could  have  diminished  within  24  hr 
els  that  were  not  pharmacologically 
ve. 

retion  of  BAPN-derived  CAA  in  the 
occurred  over  a  longer  time  course, 
ring  several  hours  after  injection  and 
sing  slowly  and  gradually  throughout 
-hr  study  period  (Fig.  2).  An  equiva- 
ose  of  CAA  was  promptly  excreted 
I).  Because  the  pK  of  CAA  is  2.45 
t  physiological  pH,  directly  injected 
would  exist  as  a  polar  anion  suscepti- 
glomerular  filtration  (10).  The  rapid 
ion  of  directly  injected  CAA  (Fig.  2) 
sistent  with  this  mechanism.  Slower 
ion  of  BAPN-derived  CAA  supports 
pothesis  that  unexcreted  BAPN  is  se- 
red  in  tissues  where  it  is  stored  and 
uently  metabolised  to  CAA  before 
slowly  released.  This  hypothesis  is 
hened  further  by  the  finding  that  24 
r  an  injection  of  isotopically  labded 
virtually  all  radioactivity  extracted 
*at  brain  and  liver  was  present  as 


[»*C]CAA  (Tables  I  and  II).  Similar  findings 
were  reported  by  Waddel  ei  al.  (11). 

The  work  of  Haney  et  al.  (12)  also  points 
to  the  transient  existence  of  the  biological 
activity  of  BAPN  in  vivo.  Single  daily  doses 
of  BAPN  (23  mg/kg)  for  10  days  did  not 
inhibit  totally  collagen  cross-linking  because 
an  additive  effect  was  obtained  by  adminis- 
tering D-penicillamine.  These  data  suggest 
that  renewed  lysyl  oxidase  activity  (13)  and 
collagen  cross-linking  had  time  to  occur  be- 
tween BAPN  doses. 

The  teratological  properties  of  BAPN 
(14,  15)  in  the  rat  show  similar  pharmacoki- 
netic limitations.  Pratt  and  King  (15)  dem- 
onstrated a  close  correlation  between  cleft 
palate  induction  and  inhibition  of  collagen 
cross-linking  when  BAPN  was  administered 
to  pregnant  rats  on  Day  1 5  of  gestation  but 
not  on  Day  14.  Our  data  (Fig.  1;  Table  II) 
are  in  accord  with  the  notion  that  BAPN 
may  decrease  in  both  maternal  and  fetal 
tissues  within  24  hr  following  dosage  on  Day 
14  to  levels  below  those  required  to  produce 
this  abnormality  in  the  fetus. 

Although  the  major  location,  rate,  and 
mechanism  of  BAPN  degradation  are  not 
known,  the  in  situ  conversion  of  retained 
BAPN  to  CAA  strongly  suggests  a  meta- 
bolic system  presumably  including  mono- 
amine oxidase  found  in  a  number  of  tissues. 
Data  reported  in  this  paper  substantiate  the 
relatively  slow  kinetics  of  this  system  in  the 
rat  (Table  III).  Earlier  findings  of  Sievert  et 
al.  (8)  also  show  enzymatic  conversion  of 
BAPN  to  CAA  in  vitro  by  rat  liver  homoge- 
nate to  occur  more  slowly  than  with  similar 
preparations  from  seven  other  species.  In 
the  radiometric  assay,  with  [*^C]BAPN 
made  to  contain  2.5  x  10-^  cpm//im  the 
enzyme  activity  of  1  mg  of  rat  liver  homoge- 
nate could  be  readily  measured  and  the  per- 
centage conversion  of  BAPN  to  CAA  was 
extremely  small  (Table  III).  Such  observa- 
tions are  in  agreement  with  the  small  con- 
version of  BAPN  to  CAA  noted  in  isolated 
rat  livers  profused  with  BAPN.®  It  is  of 
interest  that  an  initial  concentration  of  40 
mA/  BAPN  added  as  substrate  to  rat  liver 
homogenate  (Table  III)  showed  inhibition 
analogous  to  that  reported  by  Page  and 

«  J.  H.  Fleisher,  K.  Brendel,  M.  Chvapil,  and  E.  E. 
Peacock,  Jr.,  submitted  for  publicatvo^. 
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Benditt  (16)  with  pig  plasma  amine  oxidase 
and  kynuramine  as  substrate. 

Because  oxidative  deamination  appears 
to  be  the  rate-limiting  step  in  the  ultimate 
metabolic  disposition  of  BAPN  in  rats,  un- 
predicted  dose-response  patterns  following 
chronic  administration  of  BAPN  may  be 
due  to  ^^overloading''  of  the  degradative 
pathway,  with  storage  of  active  BAPN  and 
prolongation  of  lathyritic  effect.  Such  data 
may  explain  prolonged  elevation  of  collagen 
a:B  ratios  observed  by  Bentley  et  al.  (17) 
after  17  days  of  BAPN  administration.  In- 
terference with  drug  degradation  by  a  spe- 
cific monoamine  oxidase  inhibitor  also 
might  be  expected  to  enhance  osteolathyri- 
tic  effect  of  BAPN  in  the  rat  (18). 

As  yet,  detailed  studies  of  BAPN  metabo- 
lism in  man  have  not  been  carried  out.  How- 
ever, amine  oxidase  systems  demonstrate 
enormous  species  variability  in  kinetics, 
substrate  specificity,  and  cofactor  require- 
ments. In  addition,  the  potential  role  of 
plasma  amine  oxidase,  present  in  man  but 
not  in  the  rat,  has  not  been  explored  with 
respect  to  BAPN  metabolism.  Further  stud- 
ies will  be  necessary  to  delineate  the  phar- 
macologic parameters  for  controlled  lathy- 
rism  in  humans. 

Summary.  Enzymatic  conversion  of  the 
lathyrogen,  )3-aminopropionitrile  (BAPN) 
to  the  deaminated,  nonlathyrogenic  metab- 
olite, cyanoacetic  acid  (CAA)  by  rat  liver 
homogenates  was  found  to  be  less  than  1  % . 
Urine  of  rats  injected  with  400  mg/kg  of 
BAPN  ip  contained  32%  unchanged  BAPN 
in  24  hr,  with  negligible  recovery  thereafter. 
BAPN-derived  CAA  showed  12  and  22% 
recovery  in  the  urine  in  24  and  48  hr,  re- 
spectively. These  data  suggest  that  signifi- 
cant amounts  of  unchanged  BAPN  may  not 
exist  in  rat  tissues  after  24  hr,  and  that 
BAPN-derived  CAA  in  such  tissues  is  grad- 


ually excreted.  The  observation  that  radio- 
activity in  rat  brain  and  liver  24  hr  after 
[*^C]BAPN  injection  is  present  exclusively 
as  [*^C]CAA  supports  this  interpretation. 
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Licose  labeled  with  *^C  has  been  widely 
as  a  tracer  for  the  study  of  in  vivo 
se  metabolism  in  various  species.  The 
cation  of  [U-*'*C]glucose  kinetics  to 
se  turnover  studies  is,  however,  com- 
ed  by  the  recycling  of  carbon  which 
ly  limits  the  interpretation  of  the  ex- 
lental  data  (1-6).  An  alternative  ap- 
:h,  based  on  the  use  of  [^HJglucose,  has 
proposed  in  order  to  minimize  this 
em  (4,  6-9).  The  use  of  tritiated  glu- 
as  a  tracer  of  glucose  metabolism  has 
investigated  in  various  species  (3,4,7- 
The  loss  of  tritium  generally  exceeds 
)ss  of  *^C  from  circulating  glucose,  sug- 
ig  less  recycling  of  tritium  than  of  ***€ 
-9).  Formation  of  water  is  the  predomi- 
early  fate  of  tritium  from  metabolized 
se  (7,  9)  and  the  dilution  of  tritium 
glucose  in  a  large  pool  of  body  water 
tiizes  the  recycling  of  this  tracer  to  the 
se  pool. 

^HJGlucose  and  [6-^H]glucose  have 
used  most  frequently  as  ^H-labeled 
"s  for  estimating  parameters  of  glucose 
3olism  (7-11,  13-16).  Their  use  in 
ination  with  [U-*^C]glucose  have  al- 
1  various  investigators  to  estimate  the 
e  of  glucose-carbon  recycling  in  intact 
ils  (9,  18).  Only  a  limited  number  of 
js  have  been  conducted  which  compare 
)ss  of  tritium  from  [2-^H]glucose  and 
Jglucose  in  the  same  experiment.  Such 
js  would  allow  one  to  estimate  the  rate 
jcose  utilization  as  well  as  to  obtain 
information  on  the  extent  of  operation 
itile  cycles." 
*  purpose  of  this  study  was  to  deter- 

pported  in  part  by  grants-in-aid  from  the 
r  Oats  Company  and  from  the  General  Foods 
ation.  by  NIH  HL  14677  and  by  a  Research 
Development  Award  No.  NIH  K04  AM  001 12 
R.  Michigan  Agricultural  Experiment  Station 
I  Article  No.  7563. 


mine  the  rate  of  glucose  utilization  in  the 
dog  using  [2-^H]-  and  [6-^H]glucose  in  com- 
bination with  [U-*^C]glucose. 

Materials  and  methods.  Experimental  ani- 
mals and  diet.  One-year-old  female  beagles^ 
were  housed  in  individual  pens  with  raised 
floors  and  were  fed  a  maintenance  level  of  a 
commercial  diet.^  The  diet  contained  36, 
40,  and  24%  of  metabolizable  calories  from 
protein,  fat,  and  carbohydrate,  respectively. 
Water  was  available  ad  libitum.  Lights  in  the 
temperature-controlled  rooms  were  on  from 
7:00  AM  to  7:00  pm  and  off  from  7:00  pm  to 
7:00  AM.  At  the  time  of  the  experiment,  the 
dogs  weighed  approximately  8  to  10  kg. 

Turnover  study.  Glucose  turnover  studies 
were  performed  on  seven  dogs  fasted  for  48 
hr.  One  hour  prior  to  the  experiment,  in- 
dwelling catheters  were  inserted  in  the  jugu- 
lar vein  of  unanesthetized  dogs.  Teflon  cath- 
eter needles^  were  used  to  eliminate  surgery 
during  the  implantation.  Dogs  were  in  their 
pens  and  allowed  access  to  water  during  the 
experiment.  Four  dogs  were  injected  with 
[2-3H]glucose^  (250  /iCi)  and  [U- 
'^C]glucose'^  (20  fiCi)  mixture  in  5.0  ml  of 
0.9%  NaCl.  Simultaneous  administration  of 
[6-3H]glucose^  (250  /iCi)  and  [U- 
*'*C]glucose  (20  fjiCi)  was  performed  in  the 
other  three  dogs.  Blood  samples  (5.0  ml) 
were  withdrawn  at  timed  intervals  up  to  5 
hr.  The  initial  samples  were  taken  at  3-min 
intervals  for  the  first  15  min,  and  at  5  min 
intervals  for  the  next  15  min.  Subsequent 
blood  samples  were  taken  at  15-min  inter- 
vals up  to  1  hr,  and  then  at  30-min  intervals 
thereafter.  Blood  samples  were  collected  in 

^  Laboratory  Research  Enterprises,  Inc.,  Kalama- 
zoo, Mich. 

'  Ken-L-Ration,  The  Quaker  Oats  Company,  Chi- 
cago, III. 

*  Bccton,  Dickinson  &  Co.,  Rutherford,  N.J. 

■*  Amersham/Searle  Corporation,  Arlington 
Heights,  III. 
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chilled  tubes  containing  heparin  and  sodium 
fluoride.  Dogs  were  handled  gently  and  did 
not  appear  excited  during  sampling.  The 
total  volume  of  blood  withdrawn  per  dog 
per  day  was  approximately  90  ml.  After  1 
week  dogs  previously  injected  with  [2- 
^HJglucose  were  administered  with  [6- 
^HJglucose  and  vice  versa. 

Glucose  and  glucose-specific  radioactivity 
determinations.  Plasma  was  promptly  sepa- 
rated and  deproteinized  with  barium  hy- 
droxide and  zinc  sulfate.  Glucose  was  iso- 
lated by  passing  an  aliquot  of  the  deprotein- 
ized plasma  through  an  ion  exchange  col- 
umn (9,  17).  Determination  of  glucose-spe- 
cific radioactivity  by  paper  chromatography 
verified  that  the  column  separated  [U- 
^^CJglucose  from  its  *^C-labeled  metabo- 
lites. Further,  results  from  a  preliminary  ex- 
periment showed  that  recovery  of  labeled 
glucose  after  passage  through  the  ion  ex- 
change column  averaged  95%.  The  column 
eluate  and  washings  were  lyophilized  and 
taken  up  in  a  small  volume  of  water.  Scintil- 
lation cocktail^  was  added  and  the  radioac- 
tivity in  the  sample  was  quantitated  by  liq- 
uid scintillation  spectrophotometry.  Tritium 
counts  were  corrected  for  spillover  of  ***€- 
counts.  The  counting  efficiency  was  ob- 
tained with  an  external  standard.  Plasma 
glucose  concentration  was  determined  in 
other  aliquots  with  glucose  oxidase.^  Trit- 
ium and  *^C-specific  radioactivity  of  glucose 
was  then  calculated. 

Calculations,  Parameters  of  glucose  me- 
tabolism estimated  by  single  injection  of  la- 
beled glucose  were  calculated  using  both 
graphical  and  exponential  analysis.  The  lin- 
ear plot  of  glucose  specific  radioactivity  ver- 
sus time  was  constructed.  The  glucose  re- 
placement rate,  transit  time,  total  body  glu- 
cose mass,  glucose-carbon  recycling,  and 
glucose  mass  of  sampling  pool  were  then 
calculated  graphically  according  to  Katz  et 
al.  (6,  9).  The  log  of  specific  radioactivity 
versus  time  curve  of  glucose  was  also  con- 
structed. The  curve  obtained  was  fitted  into 
a  two-component  exponential  equation.  Es- 
timates of  the  coefficient  and  exponent  of 


^  3a7(),  Research  Products  International  Corpora- 
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^  Glucostat  T.  M.,  Worthington  Biochemical  Corp., 
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each  component  were  obtained  by  a  curve 
''peeling"  process.  The  terminal  exponen- 
tial of  the  curve  was  fitted  by  least  square 
procedure,  and  then,  by  subtraction  of  this 
line  from  the  earlier  part  of  the  curve,  a 
second  curve  was  obtained.  Glucose  re- 
placement rate  and  total  body  glucose  mass 
in  the  dog  were  then  calculated  using  the 
two-component  exponential  equation. 

Statistical  analyses.  The  data  were  treated 
statistically  by  Student's/  test  (19). 

Results,  Plasma  glucose  levels  were  rela- 
tively constant  throughout  the  experimental 
period.  The  coefficient  of  variation  of  glu- 
cose concentration  (14-19  samples)  was  less 
than  7% .  Body  weight  and  plasma  glucose 
levels  in  dogs  injected  with  [2-^HJglucose 
were  not  significantly  different  from  those  in 
dogs  administered  [6-^H]glucose  (Table  I). 

Figure  1  presents  a  linear  plot  and  Fig.  2  a 
semilogarithmic  plot  of  plasma  glucose  ra- 
dioactivity versus  time  after  a  single  injec- 
tion of  [2-3H]-  or  [6-3H]glucose.  These 
curves  show  an  initial  rapid  decline  followed 
after  about  20  to  30  min  by  a  curvilinear 
change  up  to  5  hr  postinjection.  From  the 
areas  under  these  curves  (Fig.  1),  parame- 
ters of  glucose  metabolism  were  calculated 
by  the  graphical  method  of  Katz  et  al,  (6,9). 
In  Fig.  2  the  straight  lines  represent  expo- 
nential functions  that  give  the  line  of  the 
best  fit  for  the  decay  curves.  These  curves 
were  represented  by  an  exponential  equa- 
tion with  two  terms. 

Estimates  of  glucose  metabolism  parame- 
ters in  dogs  fasted  for  48  hr  are  presented  in 
Table  I.  The  glucose  replacement  rate  using 
the  graphical  method  of  analysis  averaged 
4.6  mg/min/kg  body  weight  for  [2- 
^H]glucose.  This  value  is  similar  to  values 
reported  by  others  (13,  15).  The  glucose 
replacement  rate  calculated  by  graphical  or 
by  exponential  analysis  was  higher  when  [2- 
^H]glucose  rather  than  [6-^HJglucose  was 
utilized  as  tracer.  However,  values  obtained 
by  exponential  analysis  were  more  variable 
and  thus  differences  between  [2-^HJglucose 
and  [6-^H]glucose  were  statistically  differ- 
ent only  when  the  graphical  analysis  was 
utilized.  Values  for  the  rate  of  glucose  utili- 
zation obtained  by  exponential  analysis 
were  also  slightly  higher  than  values  ob- 
tained by  graphical  analysis  (Table  I). 

Estimates  of  glucose-carbon  recycling 
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TABLE  I.  Glucose  Metabolism  in  Fasted  Dogs  Estimated  by  Using  a  Single  Injection  of  Mixtures 
OF  [2-«H]Glucose  or  [6-'H)Glucose  and  [U-"C]Glucose. 


Body  weight  (kg) 

Plasma  glucose  (mg/100  ml) 

Glucose  replacement  rate 
[^Hjglucose  (mg/min/kg) 

[**C]glucose  (mg/min/kg) 

Glucose-carbon  recy Icing  (%) 

Glucose  transit  time  (min)  ^H*" 

Glucose  body-mass  (mg/kg)  ^H 

Glucose  mass  of  sampling  pool  (mg/kg)  ^H 

"  Results  expressed  as  mean  ±  SE  for  seven  dogs.  Numbers  in  parenthesis  indicate  values  calculated  by 
exponential  analysis. 

*  [2-3HjGlucose  versus  [6-'Hjglucose,  significantly  different  (P  <  0.05). 
'  Indicates  tracer  utilized  in  the  calculations. 


Tritiated  tracer 

[2.3Hlglucose 

[6-=H)glucose 

9.42  ±  0.28" 

9.43  ±  0.30 

102  ±  2 

97  ±  5 

4.6  ±  0.2 
(5.3  ±  0.9) 
3.2  ±  0.2 

3.7  ±  0.2* 
(3.9  ±  0.4) 
3.1  ±  0.1 

31  ±  2 

14  ±  2* 

67  ±  3 
91  ±  3 

76  ±  4 
89  ±  5 

308  ±  15 

(261  ±  15) 

284  ±  18 

280  ±  18 
(225  ±  17) 
290  ±  21 

210  ±  16 

199  ±  15 

•— •-(»-*H]«li»eo«t 

(-'Hi* 


40       ao       120      160     200    240     280    320 
MINUTES  AFTER  INJECTION 

Fig.  1 .  A  linear  plot  of  glucose-specific  radioactiv- 
ity and  time  after  single  injection  of  [2-^Hl-  or  [6- 
^Hjglucose  in  a  dog  fasted  for  48  hr. 

were  obtained  from  the  glucose  replacement 
rates  of  [l-m]-  or  [6-3H]glucose  and  [U- 
'^CJglucose.  Giucose-carbon  recycling  esti- 
mated with  [2-^H]glucose  in  fasted  dogs  av- 


•— •  -    [t-*N]  «lii«*tt 
o— o-    [6-*N]«l«eott 


50  100         150        200        250        300 

MINUTES  AFTER  INJECTION 
Fig.  2.  A  scmilogarithmic  plot  of  glucose-specific 
radioactivity  and  time  after  single  injection  of  [2-'HJ- 
or  [6-^H)glucose  in  a  dog  fasted  for  48  hr. 

eraged  31%  (Table  I).  This  value  compares 
favorably  with  a  previous  report  (13).  The 
degree  of  glucose-carbon  recycling  obtained 
with  [2-^H]glucose  was  significantly  higher 
than  when  [6-'*H]glucose  was  utilized  (Table 

I). 


478 


GLUCOSE    METABOLISM    IN    THE    DOG 


The  time  which  a  glucose  molecule  is 
present  in  the  body  from  the  time  of  synthe- 
sis to  the  time  of  its  catabolism  or  loss  (tran- 
sit time)  was  also  estimated  using  [2-^H]-, 
[6-^H]-,  or  [U-*^C]glucose  as  tracers.  The 
glucose  transit  time  obtained  with  [6- 
^HJglucose  was  76  min;  this  value  was  12% 
longer  than  that  obtained  with  [2- 
^H]glucose.  However,  the  difference  in 
transit  time  between  the  two  tracers  was  not 
statistically  significant  (Table  I).  Estimates 
of  transit  time  obtained  with  *^C  as  tracer 
averaged  approximately  90  min. 

The  total  body  mass  of  glucose  in  fasted 
dogs  determined  by  graphical  analysis  aver- 
aged 308  ±  15  and  280  ±  18  mg/kg  body 
weight  with  [2-^H]-  and  [6-^H]glucose,  re- 
spectively. These  values  were  in  close  agree- 
ment with  the  estimates  of  body  mass  ob- 
tained with  [*'*C]glucose  (Table  I).  Values 
obtained  by  exponential  analysis  were  rela- 
tively lower  but  not  significantly  different 
from  those  obtained  by  graphical  analysis. 
There  were  no  significant  differences  in  to- 
tal body  glucose  mass  obtained  with  [2-^H]- 
or  with  [6-^H]glucose.  The  glucose  mass  of 
the  sampling  or  rapidly  mixing  pool  was 
determined  from  the  zero-time  intercept  of 
the  glucose  specific  activity  curves.  Esti- 
mates of  glucose  mass  of  the  sampling  pool 
were  also  similar  whether  [2-^H]glucose 
or  [6-''H]glucose  was  utilized  as  tracer. 

Discussion,  In  the  present  study  the  in 
vivo  metabolism  of  [2-^H]glucose  and  [6- 
^H]glucose  was  compared  in  dogs  fasted  for 
48  hr.  The  rate  of  glucose  utilization  esti- 
mated with  [6-^H]glucose  was  about  20% 
lower  than  when  [2-^H]glucose  was  utilized 
as  the  tracer.  This  indicates  that  the  loss  of 
tritium  from  [2-^H]glucose  exceeds  the  loss 
of  tritium  from  [6-^H]glucose  in  the  dog. 
The  in  vivo  detritiation  of  [2-^H]glucose  has 
also  been  reported  to  be  faster  in  rabbits 
(18),  sheep  (16),  mice  (20),  and  chickens 
(17)  than  the  detritiation  of  [6-^H]glucose. 
Recent  reports  suggest  that  this  greater  loss 
of  tritium  from  [2-^H]glucose  than  from  [6- 
^H]glucose  is  due  to  the  operation  of  a  ''fu- 
tile" cycle  between  glucose  and  glucose-6- 
phosphate  (18,  21).  It  thus  appears  that 
significant  recycling  between  glucose  and 
glucose-6-phosphate  is  probably  occurring 
in  the  dog  and  that  our  estimates  of  glucose 


utilization  obtained  with  [2-^Hlglucose  (Ta- 
ble I)  represent  the  total  rate  of  glucose 
utilization  including  glucose  recycling  at  the 
hexokinase-glucose  phosphatase  level. 

Simultaneous  administration  of  tritiated 
and  [U-*^C]glucose  has  been  used  to  esti- 
mate glucose-carbon  recycling,  i.e.,  reap- 
pearance of  *^C-labeled  three-carbon  frag- 
ments in  newly  synthesized  glucose.  In  the 
present  study  the  extent  of  glucose-carbon 
recycling  estimated  with  [6-*H]-  and  [U- 
'••CJglucose  was  55%  lower  than  when  [2- 
^H]-  and  [U-**C]glucose  was  utilized.  Since 
the  degree  of  glucose-carbon  recycling  b 
obtained  from  the  difference  between  the 
[^H]-  and  [*^C]glucose  replacement  rales, 
the  higher  estimates  obtained  with  [2- 
^HJglucose  than  with  [6-^H]glucose  further 
suggest  the  presence  of  a  "futile"  cycle  be- 
tween glucose  and  glucose-6-phosphate  in 
the  dog.  Altszuler  ei  al,  (22)  have  also  re- 
cently reported  that  glucose  turnover  using 
[2-^H]glucose  was  higher  than  when  [6- 
^"•CJglucose  was  used.  Our  estimates  of  the 
magnitude  of  this  ''futile"  cycle  depend  in 
part  on  how  fast  glucose  molecules  sub- 
jected to  this  cycle  in  gluconeogenic  organs 
of  the  dog  equilibrate  with  the  plasma  pool 
relative  to  the  rapidity  with  which  three- 
carbon  intermediates  are  formed.  Estimates 
of  the  relative  rates  of  these  two  processes 
were  not  obtained  in  the  present  study. 

With  graphical  method  of  analysis,  our 
estimate  of  the  total  glucose  mass  averaged 
308  ±  15  and  280  ±  18  mg/kg  with  [2- 
^H]glucose  and  [6-^H]glucose,  respectively. 
Our  estimates  compare  with  the  reported 
values  obtained  with  [2-^H]glucose  for  rats 
(260  mg/kg)  (9),  rabbits  (290  mg/kg)  (9),  or 
dogs  (290  mg/kg)  (23).  Estimates  of  the 
glucose  mass  of  the  sampling  or  rapidly  mix- 
ing pool  are  only  rough  approximations.  As 
discussed  by  Katz  et  al.  (9)  due  to  the  rapid 
change  in  slope  of  the  initial  curve  (Fig.  1). 
these  estimates  are  subject  to  considerable 
error. 

Exponential  analysis  of  the  data  has  been 
extensively  used  in  studies  with  labeled  glu- 
cose. In  the  present  study  comparisons  be- 
tween the  graphical  and  exponential  meth- 
ods of  analysis  were  made.  Theoretically, 
these  two  methods  of  analysis  should  pro- 
vide similar  results.  Comparable  results 
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were  obtained  for  glucose  replacement  rate 
and  total  body  glucose  mass;  however,  the 
values  obtained  with  the  exponential  analy- 
sis were  more  variable  than  with  the  graphi- 
::al  method.  Possibly  the  data  would  have 
Deen  better  represented  if  we  had  consid- 
ered models  containing  more  than  two  glu- 
:ose  pools. 

Summary.  Parameters  of  in  vivo  glucose 
netabolism  in  adult  female  dogs  fasted  for 
1^8  hr  were  estimated  after  a  single  injection 
>f  [2-^H]-  or  [6-^H]glucose  in  combination 
vith  [U-*^C]glucose.  The  glucose  replace- 
nent  rate  estimated  with  [2-3H]glucose  av- 
r raged  4.6  mg/min/kg  and  was  about  25% 
ligher  than  the  values  obtained  with  [6- 
HJglucose.  Estimates  of  glucose-carbon  re- 
lycling  were  more  than  twice  as  high  (3 1  vs 
4%)  when  [2-^H]glucose  was  utilized  as 
racer  than  when  [6-^H]glucose  was  utilized. 
Tiese  differences  suggest  the  presence  of  a 
futile"  cycle  between  glucose  and  glucose- 
Hphosphate  in  the  dog. 
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Recent  evidence  suggests  that  adenosine 
3  \5 '-monophosphate  (cAMP)  and  guano- 
sine  3 ',5 '-monophosphate  (cGMP)  levels 
are  potentially  important  in  the  regulation 
of  lipid  metabolism,  contraction  of  smooth 
muscle  in  blood  vessels  and  airways,  and 
tissue  growth  (1-3).  Since  hypoxia  is  known 
to  affect  all  of  these  parameters  (4-6),  we 
investigated  the  alterations  in  cyclic  nucleo- 
tide levels  in  lung  following  hypoxic  expo- 
sure. Cyclic  nucleotides  were  also  examined 
in  liver  tissue  to  evaluate  comparatively  with 
lung,  and  with  fasting,  since  food  intake  is 
substantially  reduced  in  rats  during  hypoxic 
exposures  (7). 

Methods.  Male  Long  Evans  Hooded  rats 
weighing  250-300  g  were  exposed  to  24-hr 
hypobaric  hypoxia  in  an  altitude  chamber  at 
7193  m  (23,600  ftrpe  =  280  mm  Hg).  Rate 
of  ascent  and  descent  was  1000  ft-min~*. 
The  level  of  hypoxia  was  chosen  to  simulate 
clinical  and  altitude  conditions  as  well  as  to 
correlate  with  previous  experiments  on  the 
effects  of  hypoxia,  performed  in  this  labora- 
tory (8).  All  animals  received  watered  libi- 
tum and  the  hypoxic  group  was  food  de- 
prived for  the  24-hr  period.  At  the  appro- 
priate times  animals  were  removed  from  the 
altitude  chamber  and  killed  within  15  min 
by  decapitation.  Tissues  were  quickly  re- 
moved, freeze  clamped  in  liquid  nitrogen, 
and  stored  at  -76°  until  assayed.  Forty  mil- 
ligrams of  the  frozen  tissue  were  homoge- 
nized in  2  ml  of  6%  trichloroacetic  acid, 
centrifuged  (2000  g),  and  the  supernatant 
extracted  with  ethyl  ether  saturated  with 
water.  The  aqueous  portion  was  dried  under 
nitrogen  on  a  60-70°  steam  bath,  resus- 
pended  in  2-4  ml  of  0.05  M  sodium  acetate 
(pH  6.2),  and  assayed  for  cyclic  nucleotides 
using  radioimmunoassay  kits  (9).  Statistical 
analyses  were  carried  out  using  Student's  / 
tests  (10). 

Results  and  discussion.  No  differences  in 
lung  dry: wet  ratios  were  observed  between 
hypoxic  exposed  animals  and  controls,  indi- 


cating that  little  edema  was  present  follow- 
ing acute  hypoxic  stress  in  rat  lung.  Lung 
and  liver  cyclic  nucleotide  levels  are  shown 
in  Table  I.  In  contrast  to  liver  (fed  ad  libi- 
tum condition),  lung  contains  higher  endog- 
enous cAMP  and  cGMP  levels.  Acute  hy- 
poxia resulted  in  a  significant  (P  <  0.025) 
decrease  in  cAMP  while  liver  cAMP  was 
unaltered.  Cyclic  GMP  for  both  tissues  was 
not  affected  by  hypoxia.  These  data  indicate 
that  acute  hypoxic  stress  has  a  selective  ac- 
tion in  decreasing  lung  cAMP. 

Although  a  24-hr  fast  did  not  markedly 
alter  cyclic  nucleotide  levels,  a  72-hr  fast 
resulted  in  a  threefold  increase  in  lung 
cAMP  while  liver  cAMP  increased  eight- 
fold. In  both  liver  and  lung,  cGMP  was 
unaltered.  Although  not  shown,  lung  glyco- 
gen was  unaffected  by  the  72-hr  fast, 
whereas  liver  showed  a  40-fold  decrease  in 
glycogen  content,  consistent  with  early  stud- 
ies (11,  8).  These  data  emphasize  the  im- 
portance of  the  nutritional  status  of  the  ani- 
mal on  endogenous  cyclic  nucleotide  levels 
and  indicate  that  the  preferential  decrease 
in  cAMP  seen  with  hypoxic  exposure  cannot 
be  explained  as  an  effect  due  to  anorexia.  It 
is  interesting  to  note  that  epinephrine  will 
increase  cAMP  levels  and  that  any  stress, 
including  starvation,  may  increase  epineph- 
rine and  lead  to  elevated  levels  of  cAMP. 
Thus,  it  is  not  clear  at  this  time  if  the  stress 
of  food  deprivation  is  the  critical  factor  in 
stimulating  cAMP  levels.  Nevertheless,  nu- 
tritional stress  appears  to  have  a  separate 
and  distinct  action  on  cAMP  than  seen  with 
hypobaric  hypoxic  stress. 

The  association  of  decreased  cAMP  levels 
or  decreased  cAMP-cGMP  ratios  with  vaso- 
constriction and  tissue  growth  indicate  that 
alterations  of  cyclic  nucleotide  levels  may  be 
of  functional  significance  in  the  hypoxic 
lung.  Constriction  of  vascular  smooth  mus- 
cle associated  with  a  decrease  in  cAMP/ 
cGMP  ratio  has  been  reported  by  others 
(12).  Hypoxia  is  known  to  cause  pulmonary 
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TABLE  I.  Cyclic  Nucleotide  Levels  in  Lung  and  Liver." 


pmoles/mg  dry  weight 

Cyclic  nucleotide 

Control 
(Fed  ad  libitum) 

Hypoxia 
(24  hr) 

Fasted 
(24  hr) 

Fasted 
(72  hr) 

cAMP 

Lung 

22.96  ±  2.63 

8.24  ±  0.93* 

26.74  ±  4.93 

77.03  ±  14.00* 

Liver 

(n  =  6) 
4.70  ±  1.47 

(/I  =  7) 
5.98  ±  2.06 

(/I  =  10) 
6.43  ±  2.28 

(/I  =  4) 
37.68  ±  13. 70* 

cGMP 

(/I  =  6) 

(/I  =  4) 

(/I  =  4) 

(/I  =  4) 

Lung 

3.01  ±  0.48 

2.53  ±  0.36 

2.00  ±  0.29 

2.90  ±  1.13 

Liver 

(/I  =  3) 
0.26  ±  0.06 

(/I  =  7) 
0.39  ±  0.16 

(/I  =  9) 
0.26  ±  0.06 

(/I  =  4) 
0.26  ±  0.06 

cAMP 

(/I  =  3) 

(/I  =4) 

(/I  =  4) 

(/I  =4) 

cGMP 

Lung 

7.62 

3.25 

13.37 

26.56 

Liver 

18.07 

15.33 

24.73 

144.92 

"  Values  are  mean  ±  SE .  Hypoxic  animals  were  deprived  of  food  and  exposed  to  a  simulated  altitude  of  7 1 93  m . 
•  Statistically  significant  from  controls  (P  <  0.025). 


vasoconstriction.  This  raises  the  question  of 
whether  the  decrease  in  cAMP  observed  in 
our  investigation  may  serve  as  an  underlying 
mechanism  for  the  hypoxic  pressor  response 
(increase  in  mean  pulmonary  arterial  pres- 
sure). Somewhat  surprising  was  that  cGMP 
was  not  elevated  with  hypoxia  since  prosta- 
glandin (PG)  Fja-like  substances  have  been 
shown  to  be  released  with  hypoxia  (13),  and 
Vaughan  and  co-workers  (14)  have  shown 
that  cGMP  plays  an  important  role  in  regu- 
lating PG  synthesis  and  release.  Whether 
cGMP  is  linked  to  PG  F2a  in  lung  remains  to 
be  determined. 

An  additional  observation  is  that  de- 
creased levels  of  cAMP  have  been  associ- 
ated with  tissue  growth  and  elevation  of 
cAMP  associated  with  its  suppression  (15). 
In  lung,  where  growth  is  increased  with  hy- 
poxia, there  is  a  decrease  in  cAMP,  whereas 
in  liver  in  which  no  such  growth  occurs,  the 
cAMP  levels  are  unchanged. 

Since  the  lung  is  a  heterogeneous  organ 
comprised  of  at  least  38  different  cell  types 
it  should  be  noted  that  changes  in  tissue 
cyclic  nucleotide  levels  may  not  totally  re- 
flect the  response  of  any  particular  function 
or  any  specific  cell  type.  Although  the  pres- 
ent study  does  not  delineate  the  functional 
role  of  lung  cyclic  nucleotides  it  does  pro- 
vide fundamental  information  concerning 
changes  in  their  levels  during  altered  physio- 
logic states. 

Summary,  Rats,  food-deprived  and  ex- 
posed to  hypobaric  hypoxia  (7193  m  or 


23,600  ft)  for  24  hr  showed  a  significant 
decrease  in  lung  adenosine  3 ',5 '-monophos- 
phate (cAMP).  Lung  guanosine  3',5'- 
monophosphate  (cGMP)  was  unaltered  as 
well  as  liver  cAMP  and  cGMP.  In  contrast, 
rats  fasted  for  72  hr  showed  a  significant 
threefold  increase  in  lung  cAMP  and  eight- 
fold increase  in  liver  cAMP.  Endogenous 
cGMP  for  both  tissues  was  unchanged  by  a 
72-hr  fast.  These  data  indicate  that  acute 
hypoxic  stress  has  a  selective  action  in  de- 
creasing lung  cAMP  and  that  this  effect  is 
not  related  to  anorexia. 
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calorie 

cal 

millimeter 

mm 

centimeter 

cm 

milliosmole 

mOsm 

counts  per  minute 

cpm 

minute 

min 

cubic  centimeter 

cm* 

molal  (concentration) 

m 

Curie 

Ci 

molar  (concentration) 

M 

degree  Celsius  (Centigrade) 

_o 

mole 

spell  out 

degree  Fahrenheit 

•F 

molecular  weight 

mol  wt 

diameter 

dia 

nanogram 

ng 

gram 

g 

nanometer 

nm 

hour 

hr 

normal  (concentration) 

N 

inch 

in. 

osmole 

Osm 

inside  diameter 

i.d. 

ounce 

oz 

intramuscular 

im 

outside  diameter 

o.d. 

intraperitoneal 

ip 

parts  per  million 

ppm 

intravenous 

iv 

percent 

% 

kilocalorie 

kcal 

picogram 

pg 

kilogram 

kg 

revolutions  per  minute 

rpm 

liter 
meter 

spell  out 

second 
specific  activity 

sec 
spact 

m 

square  centimeter 

cm' 

microliter 

Ml 

square  meter 

m« 

micronieter 

/an 

subcutaneous 

sc 

milligram 

mg 

volt 

V 

milliliter 

ml 

volume 
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Dorft  calibrate:  Rotate! 

Gilson  constant-pressure  volume-compensated 

differential  respirometer  allows  you  to  complete 

an  experiment  in  the  former  set-up  time. 


Digital  readout  in 
numbers  of  microliters 

For  manometric  respirometry 
studies  —  plant  tissue,  animal 
tissue,  and  micro-organism  oxygen 
uptake;  mitochondria  activity; 
photosynthesis,  enzyme  activity, 
and  B.O.D. 

A  calibrated  micrometer  returns  the 
manometer  fluid  to  its  balanced  position 
by  movement  of  a  piston  in  the  enclosed 
volume.  This  obviates  the  need  for 
calibration  of  glassware  and  simplifies 
calculations. 
Experiments  under  air: 
Standard  models  connect  the  active  flask 
and  reference  chamber  to  stationary 
volumometers  by  means  of  capillary 
Tygon'*  tubing.  (Not  applicable  for  use 
with  gases  which  pass  through  Tygon.) 
Experiments  under  100%  Oxygen, 
Nitrogen,  Hydrogen,  CO2,  etc.: 
All-glass  differential  manometers  with  a 
reference  chamber  for  each  active  flask  to 
eliminate  gas  penetration. 
Table-top,  refrigerated,  and 
photosynthesis  models  available. 

'Tygon  is  the  registwd  trademark 
of  the  U.S.  Stoneware  Company 
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Gilson  Medical  Electronics,  Inc. 

Serving  research  laboratories  for  more  than  a 
quarter  of  a  century. 

U.S.A.  MANUFACTURING  PLANT 

P  O.  Box  27.  Middleton.  Wis.  53562 
Phone  608  836-1551  •  Telex:  26-5478 

EUROPEAN  MANUFACTURING  PLANT 

Gilson  Medical  Electronics  (France)  S.A. 
•  69.  72  rue  Gambetta  •  Boite 
Postale  5  •  95400  Villiers-le-bel. 
France  •  Telephone  990-54-41 
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Gilson  Respirometers 


ur  free  copy  of  the  new  Gibco  1976-77  Price  and  Reference  Manual— the  comprehensive 
ige  compilation  of  tissue  culture  products  and  laboratory  reference  information. 


V!  Products  for  plant  propagation 

}. 

I  and  serous  fluid  preparations. 

thetic  media  —  liquid  and  powdered, 

ing  do-it-yourself  "Select-Amine" 

hromosome  products  and  insect 

culture  media. 

ogicals  and  reagents. 

cultures. 

chemicals  —  big  new  easy-to-use 

ge  section,  with 

ftcatjons 


included  at  the  individual  alphabetized  item. 

•  Tissue  culture  equipment. 

•  Formulations— 26  pages  of  formulations, 
with  literature  references,  for  synthetic 
media,  balanced  salt  solutions, 

buffer  solutions. 


New  products,  new  sizes,  new 
convenience.  For  your  free  copy  contact 
Grand  Island  Biological  Co.,  3175  Staley 
Rd..  Grand  Island,  New  York  14072. 

Phone  (7 16)  773-7616. 

Western  Branch:  519  Aldo  Ave., 
Santa  Clara,  California  95050. 
Phone  (408)  247-9946. 
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OUR 

SEMI-CENTENNIAL 

RAT 

Half  a  century  ago,  after  extensive  genetic  selection  at  Sprague-Dawley 
Laboratories,  today's  standard  laboratory  rat  for  biomedical  research  was 
developed  —  the  Sprague-Dawley  outbred  albino  rat. 

The  colony  was  then  closed  to  outside  breeding  stock  and  is  still  in  our  exclusive 
possession.  The  Sprague-Dawley  colony's  diet  was  formulated  and  is 
manufactured  in  our  own  production  feed  mill.  The  formula  for  this  exclusive 
diet  has  not  been  changed  for  38  years.  Our  Semi-Centennial  Rat  today  is  the 
same  vigorous,  healthy,  docile  animal  it  has  been  for  the  past  50  years.  For 
half  a  century  Sprague-Dawley  Laboratories  have  supplied  the  scientist  with 
the  rat  that  offers  optimum  continuity,  uniformity  and  reproducibility  in 
experimental  results. 

For  more  information  on  any  of  our  many  strains  of  rats,  mice  and  hamsters, 
talk  to  your  local  ARS/Sprague-Dawley  technical  representative.  Or  contact 
ARS/Sprague-Dawley,  P.O.  Box  4220,  Madison,  Wisconsin  53711.  Phone 
(608)2212211. 
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fects  of  inhaled  ozone  on  the  func- 
:he  respiratory  tract  are  of  continu- 
jst  due  to  the  increasing  importance 
r  pollutant.  Prolonged  and  repeated 
:  of  mice  to  ozone  was  found  to 
deration  in  the  synthesis  of  DNA, 
id  protein  by  lung  tissue,  together 
liferative  and  degenerative  changes 
acheobronchial  mucosa  (1,  2).  It 
rved  by  Miller  and  Ehrlich  (3)  that 
exposed  to  high  levels  of  ozone  be- 
jhly  susceptible  to  infections  with 
ed  bacteria. 

iron  is  a  protein  synthesized  and 
by  cells  when  induced  by  viruses  or 
eo tides;  the  molecule  has  a  wide 
I  of  antiviral  activity  (4).  Prepara- 
nterferon  have  been  used  in  various 
experiments  to  study  resistance 
>oth  local  and  systemic  virus  infec- 
erigan  et  al.  (5)  reported  that  the 
influenza  virus  infection  would  be 
when  interferon  was  sprayed  onto 
r  respiratory  tract.  Respiratory  dis- 
3wing  rhinovirus  exposure  was  pre- 
•y  the  procedure.  In  other  studies 
n  inducers,  both  viral  and  nonviral, 
n  used  to  stimulate  the  endogenous 
3n  of  interferon.  However,  infor- 
s  needed  regarding  the  effects  of 
1  interferon  production  both  in  vitro 
vo.  Interferon  release  by  lung  cells 
me  exposed  mice  was  studied  here 
it  is  a  sensitive  indicator  of  altered 
function  and  the  release  of  this 
also  has  implications  for  resistance 
ost  to  respiratory  viral  infections, 
icity  of  the  respiratory  epithelium 
Dlar  macrophages  to  produce  inter- 
vitro  is  shown.  In  addition,  evi- 
an  inhibitory  effect  on  interferon 

udy  was  supported  by  Public  Health  Service 
jrant  ES  628  from  the  National  Institute  of 
intal  Health  Studies. 


synthesis  by  respiratory  epithelium  follow- 
ing in  vivo  exposure  to  ozone  is  presented. 

Materials  and  Methods.  Viruses,  The  Cali- 
fornia 11914  strain  of  Newcastle  disease  vi- 
rus (NDV)  was  used  as  an  interferon  in- 
ducer. The  Indiana  strain  of  vesicular  sto- 
matitis virus  (VSV)  was  employed  in  inter- 
feron assays. 

Polynucleotide.  Poly(I:C)  (inosinexyti- 
dine)  was  purchased  from  Biopolymers, 
Chagrin  Falls,  Ohio. 

Mice.  Ten  week  old  specific  pathogen- 
free  male  mice  of  the  Swiss  Webster  strain 
(Hilltop  Lab.  Animals,  Inc.,  Scottsdale, 
Penn.)  were  used.  The  mice  were  housed 
with  cage-filter  tops  in  an  isolated  room  with 
14  air  exchanges  per  hour  at  a  temperature 
of  approximately  23**. 

Ozone  exposure.  Mice  were  exposed  to 
ozone  according  to  the  method  of  Plopper  et 
al.  (6).  The  mice  were  housed  in  an  ozone 
chamber  with  30  air  exchanges  per  hour  and 
exposed  for  14  or  21  days  at  a  0.8  ppm 
concentration  of  ozone.  At  the  end  of  the 
exposure  period  the  mice  were  removed  to 
ambient  air  and  kept  there  for  another  24  or 
10  days.  Control  mice  were  held  in  a  similar 
chamber  and  exposed  to  ambient  air.  Air 
was  introduced  into  ozone  chambers  and 
ambient  chambers  through  a  CBR  (chemi- 
cal, bacteriological,  radiological)  filter. 

Organ  cultures.  Organ  cultures  were  pre- 
pared according  to  the  technique  described 
by  Hoom  and  Tyrrell  (7).  Tracheal  explants 
from  two  mice  were  placed  in  a  sterile  35 
mm  X  10  mm  plastic  culture  dish  to  which  5 
ml  of  maintenance  medium  (medium  199) 
containing  50  /xg/ml  gentamicin  and  0.3% 
bovine  serum  albumin  was  added.  The  cul- 
tures were  incubated  at  35**  in  a  humid  at- 
mosphere of  5%  CO2  in  air. 

Macrophage  cultures.  Alveolar  macro- 
phages were  obtained  from  the  mice  using  a 
slight  modification  of  the  technique  de- 
scribed by  Medin  et  al.  (8).  Lung  lavages 
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from  18  mice  were  pooled  and  the  cells  were 
sedimented  from  lavage  fluid  by  centrifuga- 
tion  at  1000  rpm  for  30  min  at  5**.  The 
supernatant  was  decanted  and  the  cells  were 
resuspended  in  4  ml  of  MEM  containing 
10%  fetal  calf  serum  (FCS)  and  50  /xg/ml 
gentamicin.  The  cell  suspension  was  then 
dispensed  equally  into  10  x  35-mm  plastic 
culture  dishes  in  1-ml  amounts.  The  macro- 
phages were  given  time  to  adhere  to  the 
plastic  surface  during  a  2-hr  period  at  37**  in 
a  5%  CO2  atmosphere.  Unattached  cells 
were  removed  by  aspirating  the  medium  and 
the  adherent  cells  were  washed  three  times 
with  2  ml  of  Hank's  solution.  Average  cell 
counting  from  20  petri  dishes  indicated  that 
the  culture  dish  contained  approximately 
4.0  X  10^(2.5-5.0  X  10*)  cells. 

Interferon  production  in  organ  culture. 
Organ  cultures  were  inoculated  with  inter- 
feron inducers  on  the  fourth  hour  of  incuba- 
tion. The  medium  was  removed  and  0.2  ml 
of  NDV  suspension  containing  5  x  10* 
plaque-forming  units  (PFU)  or  0.2  ml  of 
MEM  containing  10  /xg  of  poly(I:C)  was 
dripped  onto  the  tissue  fragments.  Control 
organ  cultures  received  0.2  ml  of  MEM. 
Adsorption  of  the  inducers  proceeded  in  the 
cultures  for  1  hr  while  incubating  at  35°  in  a 
5%  CO2  environment.  The  cultures  were 
then  washed  three  times  with  2  ml  of  me- 
dium 1 99  and  replenished  with  5  ml  of  me- 
dium 199  containing  0.3%  bovine  serum 
albumin  and  50  /xg/ml  of  gentamicin.  Tra- 
cheal cultures  were  incubated  for  16  hr  at 
35°  in  a  humidified  5%  CO2  atmosphere.  At 
the  end  of  the  incubation  period,  the  culture 
fluid  was  collected  by  aspiration  and  stored 
at  -20°.  The  tracheal  fragments  were  also 
stored  at  -20°.  Viability  of  the  respiratory 
epithelium  was  observed  by  active  ciliary 
movement.  Control  cultures  retained  this 
function  through  7  days  of  incubation.  Al- 
though cultures  from  mice  exposed  to  ozone 
showed  ciliary  activity  at  the  end  of  the 
incubation  period  for  assay  of  interferon 
production,  a  decrease  in  the  ciliary  move- 
ment was  noticed  when  compared  with  con- 
trol cultures. 

Interferon  production  in  macrophage  cul- 
tures. The  monolayers  of  alveolar  macro- 
phages in  culture  dishes  were  inoculated 
with  NDV  at  a  multiplicity  of  infection  of  10 


or  1  ml  of  poly(I:C)  containing  50  /xg  as 
interferon  inducers.  Control  cultures  re- 
ceived 1  ml  of  MEM.  After  adsorption  for  1 
hr,  the  cell  cultures  were  washed  three  times 
with  2  ml  of  MEM  and  5  ml  of  MEM  con- 
taining 50  /Lig/ml  of  gentamicin  was  added. 
The  cultures  were  incubated  for  16  hr  and 
the  culture  fluid  was  collected  and  stored  as 
described  for  the  tracheal  cultures. 

Interferon  assay.  Interferon  from  the  or- 
gan cultures  and  the  macrophage  cultures 
was  assayed  by  the  plaque  reduction  tech- 
nique using  L-cells,  with  VSV  as  the  chal- 
lenge virus  (9). 

The  interferon  titer  was  expressed  as  the 
reciprocal  of  the  highest  dilution  of  the  sam- 
ple showing  50%  plaque  reduction.  A 
standard  reference  mouse  interferon  (cata- 
log number  G002-90A-511)  provided  by 
National  Institutes  of  Health  was  included 
in  each  assay.  One  unit  of  interferon  in  our 
assay  was  equivalent  to  two  units  of  the 
reference  interferon. 

To  assay  for  intracellular  interferon  from 
the  organ  culture  the  tracheal  explants  were 
three  times  frozen  at  -20°  and  thawed  at 
room  temperature.  The  explants  were  then 
ground  in  a  Dounce  homogenizer  and  the 
cellular  components  were  suspended  in  5  ml 
of  MEM.  The  suspension  was  subjected  to 
two  more  steps  of  freezing  and  thawing  and 
then  centrifuged  at  15,000  rpm  for  1  hr. 
The  supernatant  was  collected  and  assayed 
for  intracellular  interferon . 

The  antiviral  substance  demonstrated  in 
this  study  was  considered  to  be  mouse  inter- 
feron for  the  following  reasons.  It  was 
shown  to  be  (i)  stable  at  pH  2.0,  (ii)  non- 
sedimentable  at  100,000|g  for  1  hr,  (iii)  inac- 
tivated by  trypsin  treatment,  (iv)  specific  for 
host  species,  (v)  inhibited  by  Actinomycin 
D,  and  (vi)  inactivated  at  56°  for  1  hr  (9, 
10). 

Results,  The  production  of  interferon 
from  tracheal  organ  cultures  of  mice  ex- 
posed to  0.8  ppm  of  ozone  and  mice  ex- 
posed to  ambient  air  is  shown  in  Table  1. 
The  data  was  obtained  from  two  experi- 
ments. It  was  apparent  that  exposure  of 
mice  to  0.8  ppm  of  ozone  for  a  period  of  10 
days  did  not  affect  the  capacity  of  the  tra- 
cheal epithelial  cells  to  produce  interferon 
in  vitro.  Both  NDV  and  poly(I:C)  served  as 
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TABL 

E  I.  iNTEireKON  Production  by  Trachbal  Organ  Cultures  from 

Mice- 

Interferon  inducer 

Interferon  titer 

(units/4ml) 

Interferon  in- 
Days                 ducer 

Interferon  titer  (units/4nil) 

Ozone  exposed 
mice  (0.8  ?PM) 

Mice  main- 
tained in  am- 
bient air 

Ozone  exposed  mice 
(0.8PPM) 

Mice  main- 
tained in 
ambient  air 

Days* 

^ 

E.f. 

^r 

Exp. 

F.xpt  I 

Expt  II 

E.f.     E^ 

0 

None 

0 

0 

IS                   None 

0 

NDV 

128 

128 

NDV 

0 

poly(I:C) 

64 

64 

poly(I:C) 

0 

4 

ll{ 

0 
64 
64 

15 

Remove  to 
Ambient 
air 

6 

None 

NDV 

poIy(I:C) 

0 
64 
64 

17                   None 
NDV 
poly(I:C) 

0 
0 
0 

8 

None 

0 

0 

20                   None 

0 

NDV 

32 

64 

NDV 

0 

poIy(I:C) 

64 

64 

poly(I:C) 

0 

9 

None 

NDV 

poly(l:C) 

0 
128 
64 

21 

ambient 
air 

10 
11 

None 

NDV 

poly(I:C) 

None 

NDV 

poly(I:C) 

0 
128 
64 

0 
0' 
0 

24                   None 
NDV 
poly(l:C) 

31                    None 
NDV 
poly(I:C) 

0 
0 
0 

0 
8 
8 

12 

None 

0 

0 

32                   None 

0 

NDV 

0 

0 

NDV 

32 

poly(I:C) 

0 

0 

poly(I:C) 

64 

14 

None 

0 

0 

39                   None 

0 

NDV 

32 

64 

NDV 

64 

poiy(l:Q 

32 

128 

poly(I:C) 

128 

*  Tracheal  organ  cultures  from  two  mice  were  inoculated  with  either  10  /ig  of  poIy(I:C)  or  5  x  10*  PFU  of  Newcastle  disease  virus.  After  incubation  at 
BS"*  for  16  hr  culture  fluids  were  adjusted  to  pH  2.0  with  2M  perchloric  acid  and  kept  at  4°  for  4  days.  The  resulting  precipitate  was  removed  by 
centrifugation  at  1 5.000  rpm  for  1  hr  and  pH  of  supernatant  was  readjusted  to  7.0  with  2M  NaOH.  Interferon  assay  on  culture  fluids  was  carried  out  on 
L-cells  using  VSV  as  the  challenge  virus.  Interferon  titer  is  expressed  as  the  highest  dilution  showing  50%  plaque  reduction. 

*  The  day  on  which  mice  were  sacrificed  and  tracheal  organ  cultures  prepared . 

**  Probability  that  failure  of  interferon  production  was  a  result  of  chance  less  than  0.001 .  Calculated  on  the  basis  of  the  binomial  distribution. 


active  interferon  inducers.  Also  the  tracheal 
cells  were  not  releasing  interferon  at  the 
time  the  animals  were  sacrificed  since  inter- 
feron was  shown  to  be  undetectable  in  the 
absence  of  an  inducer.  However,  starting 
from  the  1 1th  day  of  exposure,  there  was  an 
inhibition  in  the  capacity  of  the  organ  cul- 
tures to  produce  interferon.  This  inhibition 
was  detected  in  samples  assayed  on  days  1 1 , 
12,  15,  17,  and  20  from  animals  in  the 
ozone  environment.  Assays  performed  on 
control  samples  and  the  macrophage  sam- 
ples during  the  period  of  inhibition  indi- 
cated the  specificity  of  the  interferon  de- 
pression for  tracheal  explants  of  ozone-ex- 
posed mice. 


After  the  mice  had  been  taken  from  the 
ozone  chamber  to  ambient  air,  the  impaired 
cellular  function  persisted  for  a  time  as 
shown  in  a  sample  taken  after  3  days  in  the 
ambient  air  (Experiment  II,  Day  24).  How- 
ever, 10  days  after  the  mice  were  removed 
to  ambient  air,  the  organ  cultures  had 
started  to  produce  small  amounts  of  inter- 
feron (Experiment  II,  Day  31).  A  sample 
studied  after  the  animals  had  been  in  am- 
bient air  for  24  days  revealed  complete  re- 
covery to  the  normal  level  of  interferon  pro- 
duction (Experiment  I,  Day  39). 

It  is  not  possible  to  come  to  the  conclu- 
sion that  the  ozone  inhibited  the  production 
of  interferon  in  organ  cultures  just  by  assay- 
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ing  the  extracellular  interferon.  It  is  feasible 
that  interferon  might  be  produced  but  ozone 
inhibits  its  release,  since  it  is  known  that 
certain  chemicals  such  asp-hydroxymercuri- 
benzoate  affect  the  release  of  interferon 
without  decreasing  its  production  (11).  In- 
tracellular interferon  was  assayed  to  deter- 
mine whether  the  absence  of  extracellular 
interferon  could  be  due  to  an  accumulation 
of  the  unreleased  product  by  the  cells.  No 
interferon  could  be  detected  on  the  days  on 
which  extracellular  interferon  was  not  de- 
tected indicating  that  there  was  no  accumu- 
lation of  intracellular  interferon. 

Results  obtained  with  alveolar  macro- 
phages were  in  marked  contrast  to  those 
obtained  from  tracheal  epithelium  (Table 
II).  The  alveolar  macrophages  of  mice  ex- 


posed to  ozone  produced  interferon  as  effi- 
ciently as  the  alveolar  macrophages  of  mice 
kept  in  ambient  air.  Ozone  exposure  of  mice 
for  21  days  had  no  effect  on  the  capacity  of 
the  alveolar  macrophages  to  produce  inter- 
feron. In  the  presence  of  interferon  inducers 
the  macrophages  released  interferon  at 
equivalent  titers  without  regard  to  their  ori- 
gin from  ozone  treated  lungs  or  those  ex- 
posed to  ambient  air. 

Discussion,  The  ability  of  tracheal  epithe- 
lium to  respond  normally  to  interferon  in- 
ducers was  lost  after  approximately  10  days 
in  an  elevated  ozone  environment.  In  one 
experiment  (Experiment  II)  the  unrespon- 
sive state  persisted  for  10  days  while  the 
animals  were  inhaling  0.8  ppm  of  ozone  and 
for  at  least  3  days  after  returning  to  ambient 


TABLE  n.  Interfuon  Pioduction  by  MACiorHACE  Cultubbs  pbom  Mice* 


Interferon  inducer 

Interferon  titers 

(units/4ml) 

Days 

Interferon  inducer 

Interferon  titer 

(units/4ml) 

Ozone  ei 
mice  (0.8 

posed 
1»PM) 

Mice  main- 
tained in  am- 
bient air 

Ozone  exposed 
mice  (0.8  PPM) 

Mice  main- 
tained in  am- 
bient air 

Days» 

Expt  I 

E«p. 

Fxnt 

^r 

^T 

Expt   n 

ExDt       Expt 

0 

None 
NDV 

poly(I:C) 

0 
512 
512 

0 
256 
256 

21 

None 

NDV 

poly(I:C) 

0 
256 
S12 

4 

None 

NDV 

poly(I:C) 

0 
512 
256 

21 

Remove  to 
ambient 

air 

6 

None 

NDV 

poIy(I:C) 

0 
256 
256 

24 

None 

NDV 

poly(l:C) 

0 
256 
256 

8 

None 

NDV 

poIy(I:C) 

0 
512 
256 

0 
256 
256 

25 

None 

NDV 

poly(l:C) 

0 
512 
256 

12 

None 

NDV 

poly(I:C) 

0 
512 
256 

0 
256 
256 

31 

None 

NDV 

poIy(l:C) 

0 
256 
256 

14 

None 

0 

0 

32 

None 

0 

0 

NDV 

1024 

256 

NDV 

512 

512 

poIy(I:C) 

256 

256 

poly(I:C) 

256 

256 

15 

None 

NDV 

poIyd.C) 

0 
1024 
512 

33 

None 

NDV 

poly(I:C) 

0 
512 
512 

15 

Remove  to 
ambient 
air 

39 

None 

NDV 

poly(I:C) 

0 
512 
512 

17 

None 

NDV 

poly(I:C) 

0 
512 
512 

0 
256 
256 

'  Macrophage  cultures  were  prepared  from  lung  lavages  of  1 8  mice .  Macrophage  cultures  were  inoculated  with  either  50  fig  of  poly(l:C)  or  Newcastk 
disease  virus  at  a  multiplicity  of  10.  Culture  fluids  were  collected  and  processed  for  interferon  titration  as  described  for  the  tracbeaJ  organ  cultures. 
*  The  day  on  which  mice  were  sacrificed  and  macrophage  cultures  prepared. 
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air.  When  tested  after  10  days  in  ambient  air 
a  partial  ability  to  respond  had  returned. 
Experiment  I  indicated  a  complete  return  to 
normal  interferon  production  upon  induc- 
tion in  a  test  performed  24  days  after  return 
of  the  mice  to  ambient  air.  The  impaired 
cellular  function  was  shown  for  tracheal  epi- 
thelium, but  it  is  likely  that  the  effect  ex- 
tended well  into  more  distal  airways. 

The  mechanism  by  which  ozone  inhibited 
the  production  of  interferon  by  tracheal 
cells  in  vitro  remains  to  be  determined.  It  is 
possible  that  ozone  inhibited  interferon  pro- 
duction at  the  level  of  transcription  or  trans- 
lation. It  has  been  reported  by  Werthamer 
et  al.  (2)  that  exposure  of  mice  to  2.5  ppm 
daily  for  2  hr  resulted  in  a  decrease  of  lung 
RNA  synthesis  with  an  increase  in  lung  pro- 
tein synthesis  during  the  first  20  days  of 
exposure.  The  increase  in  protein  synthesis 
was  thought  to  be  associated  with  a  replace- 
ment of  lost  structural  (membrane)  protein. 
Those  events  might  in  turn  affect  the  forma- 
tion of  other  proteins  such  as  interferon.  It 
is  known  that  the  synthesis  of  interferon 
messenger  RNA  and  its  subsequent  transla- 
tion is  necessary  for  interferon  production 
(12).  Thus,  any  decrease  in  the  synthesis  of 
RNA  may  also  affect  the  production  of  in- 
terferon. In  the  current  experiment  the  epi- 
thelial cells  were  capable  of  normal  inter- 
feron production  upon  induction  for  ap- 
proximately 10  days  in  the  high  ozone  envi- 
ronment before  becoming  unresponsive . 
The  finding  suggests  exhaustion  of  a  needed 
synthetic  step  or  possibly  an  alteration  in 
membrane  structure  on  replacement  epithe- 
lium in  response  to  the  oxidizing  effect  of 
ozone. 

Macrophages  washed  from  the  lungs  and 
manipulated  in  vitro  for  approximately  3  hr 
prior  to  contract  with  interferon  inducers 
were  found  to  be  uniformly  responsive. 
There  was  no  significant  difference  in  the 
titers  of  interferon  from  macrophage  cul- 
tures of  mice  kept  in  ambient  air  and  mice 
exposed  to  ozone.  Valand  et  al.  (13)  re- 
ported that  exposure  of  rabbits  to  25  ppm 
NO2  for  3  hr  inhibited  the  capacity  of  the 
alveolar  macrophages  to  produce  inter- 
feron. They  concluded  that  the  inability  of 
the  NO2  exposed  macrophages  to  produce 
interferon  was  not  due  to  a  defect  in  adsorp- 


tion, penetration,  or  uncoating  of  the  virus, 
or  to  a  loss  of  RNA  synthesis  (14).  It  is 
difficult  to  compare  our  results  with  those  of 
Valand  et  al.  (13,  14)  as  the  inducer, 
method  of  interferon  assay,  and  oxidant  pol- 
lutant employed  were  all  different. 

Interferon  has  always  been  considered  to 
play  an  important  role  in  viral  infection. 
During  many  viral  infections  interferon  is 
present  prior  to  antibody  formation,  and  it 
has  been  suggested  that  interferon  is  the 
first  host  defense  process  to  be  mobilized.  A 
number  of  viral  vaccines  and  synthetic  inter- 
feron inducers  have  been  reported  to  have 
the  potential  of  inducing  interferon  produc- 
tion. Panusaran  et  al.  (15)  demonstrated 
that  instillation  of  an  interferon  inducer, 
CP20,961  N,N'DiociaidQcyl'N\N'h\Sr(2  hy- 
droxyethyl)  propanediamine,  in  the  form  of 
nose  drops  prevented  the  symptoms  of  rhi- 
novirus  infection  and  virus  shedding  in  vol- 
unteers. The  procedure  was  associated  with 
the  production  of  elevated  interferon  titers 
in  the  nasal  washing.  Administration  of 
aerosolized  poly(I:C)  in  mice  was  found  to 
be  effective  against  influenza  infections 
(16).  A  number  of  viral  vaccines  have  been 
investigated  for  potential  use  as  interferon 
inducers  in  man  (17,  18).  In  an  experiment 
where  volunteers  received  influenza  A/Be- 
thesda/68  (H3N2)  wild- type  virus.  Murphy  er 
al.  (17)  reported  that  six  of  seven  volunteers 
had  significant  levels  of  interferon  in  their 
nasopharyngeal  washings.  In  view  of  our 
findings,  the  environmental  factors  such  as 
the  level  of  atmospheric  ozone  may  have  to 
be  taken  into  consideration  if  interferon  in- 
ducers are  to  be  used  widely  in  the  treat- 
ment and  prophylaxis  of  viral  infections. 

Summary.  The  effects  of  0.8  ppm  ozone 
on  the  capacity  of  the  tracheal  epithelium 
and  alveolar  macrophages  of  mice  to  pro- 
duce interferon  in  vitro  was  studied.  Expo- 
sure of  mice  to  ozone  for  a  period  of  1 1  days 
or  more  affected  the  capacity  of  the  tracheal 
epithelial  cells  in  vitro  to  produce  inter- 
feron. The  inability  of  the  tracheal  epithe- 
lium in  vitro  to  produce  interferon  was  not 
due  to  the  inhibition  in  the  release  of  intra- 
cellular interferon  but  to  an  inhibition  in  the 
production  of  interferon.  There  was  a  com- 
plete recovery  of  the  ability  of  tracheal  epi- 
thelium to  respond  to  interferon  inducers 
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after  the  mice  were  returned  to  ambient  air 
24  days  post  ozone  exposure.  However, 
ozone  did  not  seem  to  have  any  affect  on  the 
capacity  of  the  alveolar  macrophages  to  pro- 
duce interferon  in  vitro. 
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xin  (LPS)  induces  DNA  synthesis 
is  followed  by  IgM  production  in 

murine     B-lymphocytes     (1-9). 

it  appears  that  DNA  synthesis  is 
equisite  for  IgM  production.  An- 
id  Melchers  reported  that  hydrox- 
ii)-treated  spleen  cells  responded 
ith  increased  IgM  synthesis  while 
dine  incorporation  was  reduced 
n  99%  (10).  This  observation 
iupports  a  dissociation  of  DNA 
and  IgM  production,  but  to  our 
e  a  direct  demonstration  of  this  at 
ar  level  has  not  been  reported, 
lethod  which  permitted  the  simul- 
etection  of  cytoplasmic  IgM  and 
dine  incorporation  in  individual 
eport  here  that  inhibition  of  DNA 
by  Hu  does  not  result  in  an  appre- 
luction  in  the  percentage  of  cells 
ng  IgM.  In  addition,  the  cells  mak- 
lave  not  incorporated  PH]thymi- 

Is  and  methods.  Animals.  C57B1/ 
:  mice  were  obtained  from  Jackson 
Harbor,  Maine. 

r  and  endotoxin.  LPS  was  ex- 
id  purified  from  5.  typhimurium, 
5TM-7)  by  the  phenol- water  pro- 

!)• 

Hon  of  spleen  cells.  Mouse  spleen 
prepared  and  cultured  by  the  pro- 
Alder  et  al.  (12).  Hydroxyurea, 
'hen  used,  was  added  at  the  begin- 
ultivation.  Control  cultures  con- 
)  spleen  cells  plus  Hu,  (ii)  spleen 
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cells  plus  LPS,  and  (iii)  spleen  cells  alone. 
One  microcurie  of  [^H]thymidine  (Schwarz- 
Mann,  Orangeburg,  N.Y.,  14.8  Ci/mmole) 
was  added  initially  to  each  culture  (2x10® 
spleen  cells  in  1  ml  of  RPMI-1640  contain- 
ing 5%  heat-inactivated  normal  human  se- 
rum and  antibiotics). 

Fluorescent-autoradiographic  procedure. 
Cells  were  removed  from  culture  after  48  hr 
of  LPS-stimulation  and  washed  twice  with 
RPMI-1640.  Washed  cells  were  deposited 
on  microscope  slides  in  a  cytocentrifuge 
(Shandon  Scientific  Co.,  Sewickly,  Pa.), 
fixed  in  ethanol  for  1  min,  and  air-dried. 
Fluorescent  antimouse  IgM  (fluorescein- 
conjugated  heavy  chain-specific,  Meloy 
Laboratories,  Springfield,  Va.)  was  then 
layered  over  the  cell  pellet,  and  incubated  at 
room  temperature  for  30  min.  After  wash- 
ing with  phosphate-buffered  saline,  prepa- 
rations were  either  viewed  directly  on  a  flu- 
orescence microscope  or  used  in  the  com- 
bined fluorescent-autoradiography  proce- 
dure (13).  Best  results  were  obtained  by 
alternate  dark  field  and  fluorescence  mi- 
croscopy, utilizing  a  Leitz  Ortholux  micro- 
scope equipped  with  an  Osram  HBO  200  W 
light  source,  BG  38  and  BG  12  excitors  and 
a  470  or  a  490  barrier  filter. 

[^H]fhymidine  incorporation .  Triplicate 
determinations  of  [^H]thymidine  incorpora- 
tion were  made  after  48  hr  of  LPS-stimula- 
tion by  TCA  precipitation  of  washed  cells, 
followed  by  solubilization  and  scintillation 
counting  (12). 

Autoradiography.  Cytocentrifuged  cells 
were  treated  with  fluorescent  anti-IgM  and 
were  dipped  into  Kodak  NTB-3  emulsion 
(13).  After  optimal  exposure,  slides  were 
developed,  fixed,  washed,  dried  and  cover- 
slipped  using  phosphate-buffered  saline- 
glycerine,  1:9.  Cells  were  scored  for  fluores- 
cence (cytoplasmic  IgM)  and  pH]thymidine 
incorporation  (grains  over  nuclei).  This  pro- 
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Figs.  1  and  2 .  Combined  fluorescent  autoradiography  of  LPS-stimulated  spleen  cells  cultured  with  Hu;  Fig.  1 , 
focused  on  cells.  Fig.  2,  focused  at  the  plane  of  the  emulsion.  x648. 
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ure  permits  the  direct  assessment  of  IgM 
itent  and  [^H]thymidine  uptake  by  indi- 
ual  ceils. 

lesults,  Tlie  results  in  Table  I  show  that 
continuous  presence  of  Hu  in  48  hr  LPS- 
nulated  cultures  inhibited  [^H]thymidine 
3rporation  more  than  98%.  Autoradiog- 
hy  showed  that  Hu  blocked  the  uptake  of 
[]thymidine  by  cells  which  stained  posi- 
jly  for  cytoplasmic  IgM  (Figs.  1  and  2). 

the  other  hand,  spleen  cells  stimulated 
LPS  to  produce  IgM  in  the  absence  of  Hu 
Drporated  [^H]thymidine  (Fig.  3)  in  the 
viously  reported  fashion  (13).  It  is  clear, 
refore,  that  at  a  cellular  level  LPS  can 
uce  IgM  production  by  murine  B  cells  in 

absence  of  preceding  DNA  synthesis. 

VBLE  I.  PH]Thymidine  Incorporation  by  LPS- 
MULATED  Cells  in  the  Presence  or  Absence  of 
Hydroxyurea' 


CPM  X  10-V2  X 

10«  cells  ±  SD 

p^rrpnt 

Control 

10-«Af  Hu 

reduction 

143  ±  4.9 
242  ±  24.7 

1 .64  ±  .32 
4.13  ±  .51 

98.9 
98.3 

LPS  added  to  cone  of  10  fxg/ml. 


These  observations  confirm  the  report  of 
Andersson  and  Melchers  (10). 

Surprisingly,  the  fluorescent  antibody 
procedure  showed  that  approximately  50% 
of  the  48  hr  stimulated  spleen  cells  con- 
tained IgM  whether  or  not  Hu  was  present 
in  the  cultures.  One  would  expect  prolifera- 
tion of  the  B  cells  to  increase  the  percentage 
of  IgM  producers  in  cultures  not  inhibited 
by  Hu.  The  observation  is  inexplicable  at 
present.  However,  there  are  several  possi- 
bilities, including  dissimilar  maturation  to 
IgM  production  and  restriction  of  cell  prolif- 
eration by  [^H]thymidine  of  high  specific 
activity. 

Summary,  LPS  stimulation  of  mouse 
spleen  cells  in  the  presence  of  Hu  resulted  in 
almost  total  suppression  of  [^H]thymidine 
incorporation  without  affecting  the  percent- 
age of  cells  induced  to  produce  IgM.  Utiliz- 
ing a  method  which  permitted  the  simulta- 
neous measurement  of  IgM  production  and 
[^H]thymidine  incorporation  in  individual 
cells,  it  was  demonstrated  directly  that  LPS 
stimulation  of  IgM  production  can  occur  in 
the  absence  of  DNA  synthesis. 


».  3.  Same  procedure  used  on  LPS-stimulated  spleen  cells  cultured  without  Hu.  The  photograph  is  focused 
:  plane  of  the  emulsion.  x648. 
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The  established  use  of  periodic  gamma 
globulin  injections  to  help  control  sino-pul- 
monary  infections  in  patients  with  hypo-  or 
agammaglobulinemia  (1-3)  suggests  that 
antibody  from  the  intravascular  space  gains 
access  to  lung  tissue  and  respiratory  secre- 
tions. These  commercial  preparations  of 
gamma  globulin  contain  primarily  immuno- 
globulin G  (4).  It  has  been  established  that 
IgG  is  a  major  constituent  of  the  protein 
milieu  of  the  lower  respiratory  tract  in  hu- 
mans (5-7)  and  a  variety  of  animals  includ- 
ing the  rabbit  (8),  dog  (9-11),  and  rat  (12). 
Other  immunoglobulins  such  as  IgA  and 
IgE  are  present,  but  IgM  is  rarely  found  (7) 
or,  if  so,  in  very  small  amounts  (11).//?  vitro 
studies  of  bacterial  phagocytosis  by  alveolar 
macrophages  obtained  from  humans  (13) 
and  rabbits  (14)  have  shown  opsonic  IgG 
antibody  to  enhance  bacterial  uptake  by 
these  cells  and  thus  help  explain  the  appar- 
ent usefulness  of  gamma  globulin  therapy 
(3). 

This  present  study  examines  the  transfer 
of  intravascular  IgG  into  broncho-alveolar 
secretions,  the  kinetics  of  this  protein  in  the 
lower  respiratory  tract,  and  the  effect  of 
altering  the  IgG  molecule  on  this  transfer. 
Normal  dogs  have  been  used. 

Materials  and  methods.  Animals,  One- 
year-old  male  beagle  dogs  weighing  approx- 
imately 10-15  kg  were  used.  Animals  were 
housed  individually  in  cages  which  were  de- 
signed to  collect  urine  specimens. 

Experimental  design.  To  study  the  plasma 
to  broncho-alveolar  fluid  transfer  of  par- 
enterally  administered  immunoglobulins, 
groups  of  dogs  were  injected  with  *^I-la- 
beled  purified  proteins  and  the  distributions 
of  radioactivity  evaluated.  After  intramus- 
cular injection,  serum  samples  were  taken  at 
2-hr  intervals  for  the  first  8  hr,  then  daily  (9 
am)  for  the  first  week  and  twice  weekly 
thereafter.  The  urine  was  monitored  daily 


for  *^I  activity.  Pulmonary  lavage  was  per- 
formed 8  hr  after  injection  of  labeled  pro- 
tein, daily  for  the  first  week,  and  twice 
weekly  thereafter. 

Preparation  of  immunoglobulin  G  and  M 
for  injection.  Methods  used  to  obtain  canine 
serum  IgG  and  IgM  have  been  described 
(15,  16).  In  brief,  pooled  dog  serum  was 
precipitated  with  30%  dry  ammonium  sul- 
fate; the  precipitate  was  redissolved  and  di- 
alyzed  extensively  against  borate-saline 
buffer  to  remove  excess  ammonium  sulfate. 
After  a  final  dialysis  in  0.02  M  tris(2-ami- 
nohydroxy  methyl  -1,3-  propanediol)  HCl 
buffer,  the  preparation  was  chromato- 
graphed  on  DEAE-cellulose  and  eluted 
with  a  0.3  Af  NaCl-Tris  gradient.  IgG  con- 
taining fractions  of  low  molarity  (conductiv- 
ity 1.0-9.0  mmho)  and  pH  8.0-8.5  were 
collected  and  gel  filtered  through  Sephadex 
G-200.  Effluent  protein  was  identified  as 
IgG  by  the  criteria  of  cathodal  electropho- 
retic  mobility  on  immunoelectrophoresis, 
immunoprecipitation  with  specific  anti-Fc 
gamma  (y)  chain  antiserum  (15),  and  a  sedi- 
mentation coefficient  of  6.7S  found  with 
ultracentrifugation  (16).  IgG  was  princi- 
pally of  the  subclass  ya,b  (15). 

IgM  was  isolated  from  the  same  serum 
preparations  except  that  protein  fractions  of 
conductivity  12-16  mmho  and  pH  9.0  after 
DEAE  chromatography  were  pooled.  This 
material  was  passed  over  a  Sepharose  2B 
rabbit  anticanine  IgM  immunoadsorbent 
(17)  and  IgM  was  eluted  with  0.1  Af  citrate, 
pH  2.2.  Finally,  IgM  was  gel  filtered 
through  Sepharose  6B  and  concentrated 
with  positive  pressure  ultrafiltration.  Immu- 
noglobulin preparations  were  stored  at  4** 
until  iodinated. 

F(ab')2  fragments  of  IgG  were  made  by 
pepsin  digestion  (14).  Purified  IgG  was  di- 
gested with  pepsin  (Worthington  Biochemi- 
cal Co.,  Freehold,  NJ)  at  pH  4.3  for  8  hr 
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and  gel  filtered  on  Sephadex  G-150.  Sedi- 
mentation coefficients  for  the  fragments 
were  determined  by  ultracentrifugation 
(Beckman  model  E). 

Protein  iodination.  Purified  serum  immu- 
noglobulins were  labeled  with  carrier-free 
'^I  (New  England  Nuclear,  Boston,  Mass.) 
by  the  method  of  McConahey  and  Dixon 
(18)  using  choloramine-T  and  sodium  meta- 
bisulfate.  The  excess  *^I  was  removed  by 
extensive  dialysis  against  0.9%  saline 
buffer.  The  specific  activity  of  the  prepara- 
tions used  ranged  from  7.85  x  10^  to  1.73 
X  10*  cpm/mg.  Each  animal  received  a  3-ml 
intramuscular  injection  containing  2. S  mg of 
radiolabeled  purified  immunoglobulin. 

Collection  and  processing  of  specimens. 
Selective  lavage  of  lower  lung  lobe  was  done 
through  a  fiberoptic  bronchoscope  as  de- 
scribed previously  (19).  The  bronchoscope 
w^s  wedged  in  a  lower  lobe  bronchus  and 
two  50-ml  aliquots  of  sterile  0.9%  saline 
were  infused  and  aspirated  into  a  sterile 
syringe.  Sequential  washes  on  successive 
days  were  done  in  alternate  lower  lobes.  All 
animals  tolerated  the  procedure  well  and 
had  no  noticeable  adverse  effects. 

The  lavage  fluid  was  centrifuged  at  500|g 
for  15  min  at  25°  and  the  supernatant  was 
decanted  from  the  cell  pellet.  The  percent- 
age of  red  blood  cells  in  the  pellet  was  con- 
sistently less  than  3%  in  analyzed  speci- 
mens. A  1-ml  aliquot  of  the  lavage  fluid  was 
analyzed  for  radioactivity  in  an  automatic 
gamma  counter  (Series  1185,  Nuclear  Chi- 
cago Corp.,  Des  Plaines,  IL).  In  certain 
experiments  the  entire  supernatant  fluid  was 
concentrated  to  a  2-3  ml  vol  with  positive 
pressure  ultrafiltration  (UM-10  filter,  Ami- 
con  Corp.,  Lexington,  MS)  at  4°. 

Serum  was  extracted  from  clotted  blood. 
Twenty-four-hour  urine  samples  were  col- 
lected from  animal  cages,  and  after  the  vol- 
ume was  measured,  1  ml  was  examined  for 
radioactivity. 

Sucrose  density  ultracentrifugation  (8, 
16)  was  used  to  separate  serum  and  bron- 
chial proteins.  Samples  (0.25  ml)  were  lay- 
ered on  5-ml  linear  sucrose-density  gra- 
dients (10-40%)  and  centrifuged  at  35,000 
rpm  for  18  hr  at  4**.  Fractions  of  0.2  ml  were 
collected  and  counted  in  a  gamma  counter 
to  identify  the  position  of  the  labeled  pro- 


tein in  the  serum  and  bronchial  secretions. 
Immunoglobulins  were  identified  in  gra- 
dient fractions  by  gel  diffusion,  using  anti- 
sera  specific  for  each  protein.  Rabbit  anti- 
IgG  Fc  and  Fab  antisera  were  used  (15).  It 
was  felt  that  ultracentrifugation  provided  a 
more  accurate  identification  of  labeled  im- 
munoglobulins than  nonspecific  precipita- 
tion of  protein. 

Calculations,  Data  were  plotted  semi- 
logarithmically  and  the  slopes  of  curves  de- 
termined by  the  method  of  least  squares.  Stu- 
dent's r-test  was  used  to  compare  the  decay 
curve  slopes.  The  half  life  was  derived  from 
the  equation  for  exponential  decay  (20), 
with  corrections  made  for  ***I  decay  during 
the  time  of  observation.  The  plasma  volume 
was  assumed  to  be  7%  of  each  animal's 
body  weight  (21).  The  urine  activity  was 
corrected  to  total  urine  volume  on  the  basis 
of  24  hr  urine  collection. 

Radioactivity  in  broncho-alveolar  wash- 
ings was  corrected  to  total  bronchial  surface 
area.  It  was  determined  in  a  group  of  con- 
trol animals  that  the  100  ml  lower  lobe  la- 
vage consistently  sampled  about  25%  of  the 
bronchial  surface  area.  When  an  equivalent 
amount  of  radiopaque  dye  was  infused  and 
aspirated  through  the  bronchoscope,  chest 
X-rays  taken  immediately  after  removal  of 
the  dye  showed  selective  opacification  of  the 
lower  lobe  area.  Autopsy  and  in  vitro  lung 
infusions  were  used  to  verify  this  estimate. 

Results.  Reproducibility  of  broncho-al- 
veolar lavage.  Seventy-five  100-ml  lavages 
were  performed  in  these  studies,  and  the 
mean  recovery  of  fluid  was  78  ±  0.77  ml 
(range,  61-90  ml).  To  document  the  con- 
sistency of  protein  values  obtained  by  serial 
bronchial  lavage,  two  dogs  were  lavaged 
daily  for  5  successive  days  and  the  albumin 
and  IgG  values  in  concentrated  lavage  fluid 
specimens  (mean  final  volumes  2.8  ml  ±  0.2 
SEM)  measured.  There  was  a  variation  of 
5-8%  in  the  daily  values  of  these  two  pro- 
teins with  repeated  lavage.  The  mean  ratio 
of  IgG  (mg/ml)  to  albumin  (mg/ml)  was 
0.06  ±  0.003  for  the  10  lavages  and  was 
similar  in  both  animals.  Serum  values  for 
IgG  and  albumin  showed  no  fluctuation  dur- 
ing the  5  days  of  lavage. 

Distribution  of  radiolabeled  immunoglob- 
ulin. The  pattern  of  distribution  of  IgG  is 
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n  Fig.  1.  Each  point  represents  the 
tic  mean  and  standard  error  of  de- 
tions  from  four  dogs.  Rapid  absorp- 
intramuscularly  administered  IgG 
ed  by  2-4  hr  with  maximal  plasma 
evident  at  24  hr,  followed  by  grad- 
inution  over  the  next  25  days.  At  8 
ir  there  was  evidence  of  some  radio- 
in  the  bronchial  secretions  but  maxi- 


mal activity  was  seen  at  48  hr,  followed  by 
an  elimination  rate  during  the  next  3  weeks 
that  was  not  significantly  different  (p  > 
0.20)  from  that  in  serum.  Figure  2  shows  a 
representative  separation  in  sucrose  density 
gradients  of  serum  and  concentrated  bron- 
chial secretions  obtained  48  hr  after  injec- 
tion of  labeled  IgG.  Greater  than  95%  of 
the  radioactivity  is  associated  with  gradient 


lO^F 


PLASMA 
URINE 
•—-•BRONCHIAL  LAVAGE 


10*, 


-t i 


7      9     11     13    15    17    19    21    23    25 
DAYS  AFTER  INJECTION 


Distribution  of  radioactivity  after  intramuscular  administration  of  ^'^Mabeled  IgG  in  plasma,  urine, 
:hial  lavage  fluid  is  shown  for  26  days  of  observation.  *^I  activity  depicted  on  the  ordinate  has  been 
to  total  plasma  volume,  urine  volume,  and  bronchial  surface  area.  Each  point  represents  the  mean  and 
;rror  of  the  activity  found  in  four  dogs. 


SERUM  (diluted  1:1) 
loG 


BRONCHIAL  SECRETIONS 
IgG 


9   10  11   12  13  14  15  16  17  18   19  20  21   22 
FRACTION  i02  ml) 


Separation  is  shown  for  serum  and  concentrated  bronchial  secretions  obtained  48  hr  after  intramuscu- 
yn  of  radiolabeled  IgG  on  identical  10  to  40%  linear  sucrose  density  gradients.  Vertical  bars  give  relative 
tntrations  in  the  gradient  fractions.  ^'^I  activity  measured  on  the  ordinate  coincides  with  the  sedimenting 
f  IgG  in  both  the  serum  (A-  -A)  and  bronchial  secretion  (O-  -O)  gradients. 
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fractions  containing  IgG  in  both  specimens, 
confirming  that  nonspecific  radioactivity  or 
protein  degradation  products  are  not  re- 
sponsible for  the  measured  '^*I  activity. 
However,  in  urine  samples  radioactivity  was 
nonprecipitable  and  not  attached  to  identi- 
fied protein  moieties. 

The  elimination  of  radiolabeled  IgG  from 
the  serum  of  this  group  of  dogs  was  9  days 
(r,/2,  Table  I).  In  the  lavage  specimens,  the 
r„2  of  7.5  days  was  not  statistically  differ- 
ent from  serum  {p  >  0.20).  Cumulative 
results  from  the  26  days  of  study  indicated 
that  0.15%  of  the  initial  IgG  dose  was  re- 
covered in  the  lung  secretions. 

Pepsin-digestion  of  IgG  produced  F(ab')2 
fragments  with  a  sedimentation  coefficient 
of  5.5  52o,ir-  After  labeling  with  *^I,  these 
fragments  were  injected  into  a  pair  of  dogs 
and  the  distribution  monitored  (Fig.  3). 
Again,  there  is  rapid  absorption  of  the  intra- 
muscularly administered  protein  and  maxi- 
mal radioactivity  in  bronchial  secretions  is 
seen  24  hr  after  injection,  although  some 
activity  is  evident  at  8  hr.  Most  of  the  radio- 
activity in  the  bronchial  secretions  was  gone 
by  10  days  after  injection  of  labeled  protein. 
Repeated  sucrose  density  gradient  separa- 
tions of  serum  and  concentrated  bronchial 
secretions  from  these  dogs  indentified  radio- 
activity in  the  F(ab')2  fractions  of  the  gra- 
dients. Cumulatively,  only  0.03%  of  initial 
dose  of  F(ab')2  fragments  were  recovered  in 
lung  lavage  specimens.  As  given  in  Table  I, 
the  elimination  rates  in  serum  and  lavage 
were  much  less  for  the  fragments  than  intact 
IgG. 

Similar  studies  in  a  pair  of  dogs  were  done 
with  IgM.  The  kinetics  of  IgM  absorption 


TABLE  I.  Half-Life  of  '"I-Labeled  Proteins  in 
Serum  and  Lung  Lavage. 


Serum 


Broncho-alveolar 
lavage 


IgG 
(n  =4) 

F(ab') 
(n  =  2)* 

IgM 
in  =  2) 


9.0  ±  0.08° 
(8.8-9.2) 

4.3'* 
5.2 


7.5  ±  0.38 
(6.5-8.3) 

1.8 


'  Mean  7,,,  in  days  corrected  for  ***I  decay  ±  SEM. 
*  Average  value. 


were  similar  to  those  found  for  IgG  except 
the  elimination  rate  from  serum  was  less. 
No  IgM  associated  radioactivity  was  de- 
tected in  broncho-alveolar  lavage  speci- 
mens. 

Discussion,  The  objective  of  this  study 
was  to  determine  the  kinetics  of  immuno- 
globulins entering  the  lower  respiratory 
tract  secretions  from  the  intravascular  space 
in  normal  animals.  In  this  respect  a  very 
small  percentage  (0.15%)  of  parenterally 
administered  IgG  was  recovered  in  bron- 
cho-alveolar lavage  specimens  during  ap- 
proximately 4  weeks  of  observation.  Altera- 
tion of  the  IgG  molecule  to  create  an  F(ab')2 
fragment,  devoid  of  the  Fc  portion  of  the 
gamma  chain,  effectively  reduced  the  tran- 
sudation of  IgG  into  respiratory  secretions 
to  an  almost  negligible  amount.  Moreover, 
intact  IgM  did  not  appear  in  the  broncho- 
alveolar  lavage. 

We  conclude  from  these  studies  in  dogs 
that  circulating  humoral  IgG  contributes 
only  a  small  portion  of  the  immunoglobulin 
found  in  pulmonary  secretions.  Thus,  it  ap- 
pears that  passive  infusion  of  IgG  is  not  an 
efficient  method  of  increasing  IgG  in  respi- 
ratory secretions  of  normal  subjects.  How- 
ever, the  critical  level  of  specific  antibody  in 
respiratory  secretions  needed  for  protection 
against  infectious  agents  is  now  known  and 
may  be  quite  small.  Furthermore,  pulmo- 
nary irritation  or  suppuration  undoubtedly 
cause  changes  in  pulmonary  vascular  perme- 
ability and  serve  to  increase  concentrations 
of  immunoglobulins  in  respiratory  secre- 
tions. 

It  was  of  interest  that  peptic  digestion  of 
IgG  to  create  a  smaller  protein  fragment 
(5.5S)  devoid  of  the  Fc  portion  reduced 
transudation  or  penetration  into  lung  secre- 
tions. The  Fc  portion  of  the  molecule  may 
be  critical  for  determining  the  extravascular 
distribution  of  IgG  as  well  as  other  biologi- 
cal activity  of  the  immunoglobulin.  In  rab- 
bits (14),  F(ab')2  fragments  generated  from 
IgG  having  specific  antibody  activity  for 
Pseudomonas  aeruginosa,  retain  agglutinat- 
ing activity  and  opsonizing  potential.  How- 
ever, these  antibody  fragments  are  ineffec- 
tive in  promoting  phagocytosis  by  alveolar 
macrophages  because  the  antibody  cannot 
attach  to  the  Fc  membrane  receptor  of  the 
macrophage  and  initiate  bacterial  ingestion. 
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Fig  .  3 .  Distribution  of  radioactivity  after  intramuscular  administration  of  *^l-labeled  F(ab'  )t  fragments  of  IgG 
in  serum  and  bronchial  lavage  fluid  is  shown  for  21  days  of  observation.  *^I  activity  on  the  ordinate  has  been 
corrected  to  total  plasma  volume  and  bronchial  surface  area.  Each  point  represents  an  average  value  and  the  range 
found . 


The  intravascular  clearance  of  canine  IgG 
was  similar  to  that  previously  reported  for 
gamma  globulin.  The  calculated  T^/i  of  9.0 
days  for  IgG  in  this  study  is  comparable  to 
that  of  7  (22)  and  8  (23)  days  found  in 
earlier  studies  using  dog  gamma  globulin. 
The  rate  of  clearance  of  dog  IgM  and 
F(ab')2  fragments  have  not  been  studied 
previously.  Studies  with  mouse  (24)  and  hu- 
man (25,  26)  IgG  have  shown  that  the  cata- 
bolic  rate  of  these  proteins  is  directly  pro- 
portional to  the  concentration  of  IgG  in 
plasma,  and  that  the  Fc  portion  of  the  mole- 
cule appears  to  be  the  structural  configura- 
tion critical  for  this  concentration  depend- 
ent catabolism.  In  contrast,  this  require- 
ment does  not  occur  in  the  guinea  pig  (27). 
Such  factors  affecting  catabolism  of  dog  IgG 
are  not  known  at  present.  The  rapid  cata- 
bolic  rate  for  human  F(ab')2  fragments  of  5 
hr  (28)  was  not  duplicated  in  our  study,  but 
the  rV2  value  of  4.3  days  (Table  I)  is  appre- 
ciably shorter  than  for  intact  dog  IgG. 

Summary,  Radiolabeled  *^I  preparations 
of  canine  IgG,  IgM,  and  F(ab')2  fragments 
of  IgG  were  injected  intramuscularly  into 
normal  dogs  to  quantitate  the  transfer  of 
immunoglobulins  from  the  intravascular 
space  into  the  lower  respiratory  tract  and  to 
observe  the  clearance  of  these  proteins  from 


lung  secretions.  Respiratory  fluids  were 
sampled  by  serial  broncho-alveolar  lavages 
during  a  3-4  week  interval.  Only  a  small 
portion  (0.15%)  of  the  passively  adminis- 
tered IgG  was  recovered  in  respiratory  spec- 
imens indicating  that  minimal  transfer  of 
humoral  IgG  occurs  under  normal  condi- 
tions. 

Alteration  of  the  IgG  molecule  by  re- 
moval of  the  Fc  portion  almost  eliminates  its 
penetration  into  lung  secretions.  Further- 
more, IgM,  which  is  not  a  prominent  com- 
ponent of  normal  lung  secretions,  is  not  de- 
tected in  these  secretions  following  passive 
intramuscular  injection. 

.The  authors  appreciate  the  fme  assistance  of  Mr. 
Edward  W.  Harvey  in  these  studies  and  the  help  with 
statistics  given  by  Dr.  David  W.  Ailing.  We  thank  Dr. 
Charles  H.  Kirkpatrick  for  his  review  of  the  manu- 
script. 
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iince  Snell  (1)  established  congenic 
f  mice  which  differ  on  the  basis  of 
or  histocompatibility  antigen,  the 
ss  of  such  lines  for  both  genetic  and 
gical  studies  has  grown  in  impor- 
-4).  We  here  report  the  establish- 
the  line  of  C3HSS  mice  which  are 
)le  to  a  standard  strain  of  mouse 
virus,  derived  from  PRI  mice 
i*RI)  and  which  are  congenic  to  the 
ed  inbred  line  of  resistant  QH 
lese  strains  of  mice  should  be  useful 
in  analyzing  the  locus  for  suscepti- 
it  also  should  allow  for  lymphocyte 
rophage  transfer  so  that  the  factors 
in  pathogenesis  may  be  more  accu- 
lalyzed. 

jlent  variant  of  the  original  virus 
i*RI)  which  is  capable  of  killing  both 
)le  and  resistant  strains  of  mice  was 
by  Shif  and  Bang  (5).  This  complex 
endence  of  virulence  and  suscepti- 
epresented  diagramatically  in  quad- 
lysis  (Fig.  1),  a  presentation  which 
r  to  that  used  by  plant  pathologists 
his  there  is  a  matching  of  one  gene 
:e  in  host  susceptibility  against  the 
d  one-step  conversion  of  virus  from 
m  to  PRI  mice  to  adaption  to  C3H 
le  present  paper  is  limited  to  a  study 
nihility  to  MHV-PRI. 
als  and  methods.  Mouse  strains. 
n  (PRI)  and  C3H  mice  were  used. 
B  were  originally  obtained  from  Dr. 
Ison  in  1951  and  have  since  been 
led  by  brother-sister  inbreeding  in 
ratory.  This  strain  of  mice  is  geneti- 
iceptible  to  mouse  hepatitis  virus 
I.  C3H,  a  resistant  strain,  was  ob- 
om  Dr.  H.B.  Andervont  on  August 
6  and  has  also  been  maintained 
inbreeding. 


itudy  was  supported  by  a  grant  from  the 
cience  Foundation  (No.  31479). 


Virus.  MHV-2  strain  of  mouse  hepatitis 
virus  was  obtained  from  Dr.  John  Nelson 
(7).  It  was  passed  in  our  laboratory  by  intra- 
peritoneal inoculation  of  one-month  old 
PRI  mice.  A  10%  (wt/vol)  liver  homoge- 
nate  was  prepared  by  grinding  up  livers  of 
moribund  mice.  This  preparation  was  used 
as  stock  virus  and  kept  at  -70°. 

Macrophage  cultures.  Cultures  of  perito- 
neal macrophages  were  prepared  in  the  fol- 
lowing manner:  Mice  were  stimulated  by 
injecting  3 .0  ml  of  sterile  thioglycollate  me- 
dium (Difco)  intraperitoneally.  Three  days 
later,  S.O  ml  of  warmed  phosphate  buffered 
solution  (pH  =  7.2)  containing  20  U.S. P. 
units  of  sodium  heparin  (Upjohn)  per  milli- 
liter was  again  injected  intraperitoneally. 
Fluid  was  withdrawn  and  cells  were 
counted.  The  cell  suspension  was  centri- 
fuged  at  1000  rpm  for  10  min  and  the  cellu- 
lar pellet  was  then  resuspended  in  Chang's 
medium  which  is  90%  horse  serum,  8% 
Hanks  BSS,  and  2%  beef  embryo  extract. 
The  medium  was  seeded  with  1-1.5  x  10* 
cells  in  Wassermann  tubes  which  were  then 
closed  with  siliconized  stoppers.  After  at- 
tachment, they  were  transferred  to  a  roller 
drum  in  a  37°  incubator. 

Tests  of  histocompatibility.  Histocompati- 
bility was  tested  by  reciprocal  skin  grafting 
and  mixed  lymphocyte  culture  (MLC)  reac- 
tion. 

Method  for  obtaining  a  congenic  suscepti- 
ble line  of  mice.  Inbred  PRI  mice  were 
crossed  with  inbred  C3H  mice  to  produce  Fj 
hybrids.  The  hybrids  were  then  mated  to  the 
resistant  strain  (C3H)  to  produce  back-cross 
generation- 1  (BC-1).  The  progeny  of  this 
back-cross  were  tested  for  cell  susceptibility, 
and  only  the  susceptible  ones  were  chosen 
and  mated  again  to  C3H  mice  to  produce 
BC-2.  This  was  continued  until  BC-20  was 
achieved.  During  each  generation,  suscepti- 
bility to  MHV  was  tested  by  inoculating 
cultured  macrophages  with  MHV  at  a  dilu- 
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TABLE  I.  Results  of  in  Vitro  Inoculahon  of 

Mouse  Macrophage  Cultures  from  Successive 

Back-Cross  Mating  of  Susceptible  Mice  to  a 

Resistant  Strain. 


Fig.  1 .  Quadrate  analysis.  Plus  signs  indicate  that 
the  virus  and  the  host  are  compatible,  whereas  the 
negative  sign  indicates  that  they  are  not  compatible. 
C3HSS  =  QH  mice  carrying  the  gene  for  susceptibility 
to  mouse  hepatitis  virus  (MHV).  MHV-PRl  =  original 
strain  of  MHV,  derived  from  the  livers  of  moribound 
PRI  mice;  MHV-QH  =  virulent  viriant  virus. 

jtion  of  10"^,  since  Bang  and  Warwick  (8) 
had  found  that  cultured  peritoneal  macro- 
phages expressed  the  genetic  response  to 
MHV  of  their  donor  animals.  Mice  with 
susceptible  macrophages  were  kept  for  fur- 
ther breeding. 

Method  for  obtaining  an  homogenous 
CzH-susceptible  (C^HSS)  line  of  mice.  Sus- 
ceptible mice  from  BC-20  were  bred  by 
brother-sister  mating:  BC-20  x  BC-20  =  Ss 
X  Ss  -^  SS,2Ss,ss.  ss  was  eliminated  by 
testing  cultivated  peritoneal  macrophages 
and  discarding  all  mice  that  were  resistant. 
Homozygosity  for  susceptibility  was  tested 
by  back-crossing  mice  with  susceptible  mac- 
rophages to  resistant  C3H  mice.  Mice  whose 
descendants  were  100%  susceptible  were 
kept  as  parents  for  subsequent  inbreedings. 


SS  X  C3H  =  ss  X  ss  -♦  Ss 
Ss  X  C3H  =  Ss  X  ss  -►  Ss.ss 


-100%  susceptible 
-  50%  susceptible 


By   selection   of  presumed   homozygotes, 
C3HSS  was  developed. 

Results  and  Discussion.  The  ratio  of  sus- 
ceptible to  resistant  mice  among  20  back- 
crosses.  The  ratio  of  susceptible  to  resistant 
mice  among  the  offspring  of  back-crosses 
was  rather  constant,  close  to  1:1  (Table  I). 
This  suggests  that  the  genes  segregated  in  a 
typical  Mendelian  fashion  with  one  locus 
responsible  for  susceptibility.  However,  the 
overall  percentage  of  mice  yielding  positive 
cultures  was  209/455  or  45.9.  If  the  first 


Expected 

suscepti- 
ble (h) 

on  hy- 

pothesis 

of  one 

Susceptible/ 

Suscepti- 
ble (%) 

dominant 

Generation 

total  mice 

gene 

F,     (PRI     X 

21/21 

100 

100 

QH) 

Back-cross- 1 

6/27 

22.2 

50 

Back-cross-2 

2/5 

40.0 

50 

Back-cross-3 

11/18 

61.1 

50 

Back-cross-4 

3/7 

42.9 

50 

Back-cross-5 

3/10 

30.0 

50 

Subtotal 

25/67 

37.3 

Back-cross-6 

15/32 

46.9 

50 

Back-cross-7 

14/30 

46.7 

50 

Back-cross-8 

25/43 

58.1 

50 

Back-cross-9 

7/15 

46.7 

50 

Back-cross- 10 

9/17 

52.9 

50 

Subtotal 

70/137 

51.1 

Back-cross- 11 

3/6 

50.0 

50 

Back-cross- 12 

18/32 

56.3 

50 

Back-cross- 13 

16/36 

44.4 

50 

Back-cross- 14 

3/7 

42.9 

50 

Back-cross- 15 

15/31 

48.4 

50 

Subtotal 

55/112 

49.1 

Back-cross- 16 

6/13 

46.2 

50 

Back-cross- 17 

16/38 

42.1 

50 

Back-cross- 18 

11/23 

47.8 

50 

Back-cross- 19 

6/17 

35.3 

50 

Back-cross-20 

20/48 

41.7 

50 

Subtotal 

59/139 

42.4 

Grand  total 

209/455 

45.93 

back-cross  which  still  contains  a  considera- 
ble mixture  of  genes  is  eliminated,  there  was 
no  significant  difference  in  the  expected  and 
the  actual  ratios  of  susceptible  to  resistant 
mice. 

Test  for  histocompatibility,  (i)  Skin  graft. 
After  10  generations  of  C3HSS  and  C3H,  20 
reciprocal  skin  grafts  were  exchanged  be- 
tween C3H  and  CsHss.  Ten  mice  were  kept 
for  45  days  while  others  were  kept  for  75 
days.  There  was  no  rejection  between  them. 
Exchanges  between  PRI  and  C3H,  PRI  and 
C3HSS  were  rejected  within  9  to  12  days, 
(ii)  Mixed  lymphocyte  culture  reaction.  The 
MLC  reaction  was  kindly  pjerformed  by  the 
Immunogenetics  Laboratory  of  The  Johns 
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kins   University  School  of  Medicine, 
'e  was  no  stimulation  between  C3H  and 
SS  mice. 
irther  testing  of  susceptibility  of  C^SS 

to  MHV.  Even  though  C3HSS  was  de- 
ped  after  four  generations  of  inbreeding 
I  presumed  homozygotes  and  no  hetero- 
tes  were  found  thereafter  (Table  II),  a 
ine  check-up  of  our  inbred  C3HSS  mice 
nies  has  been  done  to  ensure  the  homo- 
city.  Forty-five  mice,  4  to  6  weeks  of 

were  given  0.2  ml  of  4.5  log  (TCID50) 
rus  intraperitoneally.  They  all  died  in  4 
.  Macrophage  cultures  prepared  from 
idividual  mice  were  also  tested  by  inoc- 
ng  10"*  to  10"^  dilutions  of  virus  and 
J  found  susceptible.  When  a  complete 
>  assay  was  performed,  the  viral  titer 
the  same  as  from  PRI  mice. 
lange  of  susceptibility  in  C3HSS  mice. 
ily  et  al.  (9)  demonstrated  that  the  abil- 

0  resist  the  lethal  dose  of  MHV-PRI 
tion  of  C3H  mice  was  a  characteristic  of 
idult.  That  is,  MHV-PRI  infection  was 

1  to  infant  QH  mice;  their  macrophages 
orted  viral  growth  and  were  destroyed 
le  virus.  Since  C3HSS  and  QH  are  con- 
:,  it  was  of  interest  to  determine 
her  there  was  any  change  in  susceptibil- 
»f  C3HSS  with  increasing  age.  Differ- 
iges  of  mice  were  tested  by  infection  of 
ophage  cultures  and/or  by  intraperito- 
injection  of  MHV-PRI.  There  was  a 
^ase  in  susceptibility  as  the  mice  passed 
eks  of  age  (Table  III).  However,  mice 
een  12  and  13  months  old  apparently 
most  of  this  reduced  susceptibility  and 
me  susceptible  again.  But  when  44 
ophage  cultures  from  various  ages  of 

were  tested,  they  were  found  uni- 
ty susceptible. 

mmary.  A  congenic  strain  of  C3HSS 
,  which  is  histocompatible  with  C3H 

TABLE  II.  Results  of  Progeny  Test  from 

LESUMED  HOMOZYGOTE  SUSCEPTIBLE  C3H  MlCE. 


TABLE  III.  Results  of  in  Vivo  Inoculation  of 
Various  Age  CjHSS  wtth  MHV-PRI* 


erations'* 


Susceptible/total 
mice 


Susceptible 
(%) 


F, 
F, 
F, 
F4 


50/81 

70/90 

324/358 

76/77 


61.7 
77.8 
90.5 
98.7 


Number 

died/num- 

Number 

Number 

ber  tested 

Age  of  mice 

tested 

died 

(%) 

4  weeks 

10 

10 

100 

5  weeks 

10 

10 

100 

6  weeks 

27 

27 

100 

7  weeks 

18 

18 

100 

8  weeks 

22 

9 

41 

9  weeks 

10 

1 

10 

12-13  months 

34 

32 

94 

and  Fs  were  tested  in  vitro  \  F3  and  F4  were  tested 
9. 


"  Macrophages  from  survived  mice  were  tested  indi- 
vidually and  found  susceptible. 

mice  but  differs  from  them  in  susceptibility 
to  mouse  hepatitis  virus  (MHV),  has  been 
developed  by  introducing  the  gene  for  sus- 
ceptibility to  the  MHV-PRI  virus  from  the 
PRI  mice.  This  was  accomplished  by  contin- 
ual back-crossing  of  the  hybrids  to  the  QH 
mice,  but  at  the  same  time  by  selection  of 
susceptibility  by  use  of  macrophage  culture 
tests.  After  20  back-crosses,  a  strain  homo- 
zygous for  susceptibility  was  produced  by 
brother-sister  mating  of  individual  mice 
whose  potential  for  carrying  the  recessive 
gene  for  resistance  was  tested  in  progeny. 
Since  the  original  choice  of  mice  for  breed- 
ing was  based  on  in  vitro  macrophage  sus- 
ceptibility, and  since  highly  susceptible  mice 
were  developed  on  the  same  basis,  it  seems 
evident  that  macrophage  susceptibility  is  an 
integral  aspect  of  mouse  susceptibility. 

The  continued  production  of  almost  50% 
susceptible  mice  in  the  back-crosses  is  fur- 
ther evidence  of  the  dominant  one-locus  ex- 
planation of  genetic  susceptibility  to  this 
agent.  Incomplete  penetrance  may  also  be 
present  in  8  and  9  week  old  mice  of  the 
C3HSS  strain  since  there  was  a  sharp  de- 
crease in  susceptibility  of  these  mice  even 
though  their  macrophages  in  culture  main- 
tained full  susceptibility. 

We  wish  to  thank  Dr.  Ilan  Shif  for  his  contribution  in 
testing  for  susceptibility. 
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ales  are  large  deep-diving  sea  mam- 
it  belong  to  the  suborder  baleen 
f  the  order  Cetacea.  They  are  said 
le  to  dive  to  depths  of  300  m  or 
d  to  stay  under  the  water  for  rela- 
ig  periods  of  time  (1).  As  compared 
'estrial  mammals,  Cetaceans  have 
atomical  and  functional  deviations 
d  with  their  aquatic  life.  Although 
nparative  studies  of  blood  coagula- 
and  animals  have  been  published 
;  information  is  available  concem- 
:ea.  Robinson  et  al,  (3)  and  Lewis 
I  reported  that  the  plasmas  of  the 
bottle-nosed  dolphin  and  killer 
lich  belong  to  the  other  suborder  of 
cea,  the  toothed  whales,  are  defi- 
rtageman  factor  (factor  XII)  activ- 
e  we  have  demonstrated  a  defi- 
Fletcher  factor  (a  plasma  prekalli- 
:tivity  as  well  (5).  We  have  been 
0  find  a  description  of  the  blood 
on  system  in  baleen  whales.  The 
eport  describes  the  studies  of  blood 
and  fibrinolytic  systems  in  the 
f  one  baleen  whale  species,  the  sei 
^alaenoptera  borealis). 
lis  and  methods.  Blood  was  col- 
Iceland  waters  from  a  male  sei 
heart  puncture  10-15  min  after  the 
n  of  the  animal.  The  blood  was 
the  deck  of  a  whaling  boat  with  the 
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n  the  National  Institutes  of  Health,  U.S. 
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inial  Fellow  of  the  Medical  Research  Coun- 
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aid  of  a  vacuum  pump.  The  anticoagulant 
used  was  1/10  vol  of  citrate  buffer  (pH  5.0, 
0.13  M  with  respect  to  citrate).  The  plasma 
was  separated  by  centrifugation  of  the  blood 
(1000  rpm,  10  min)  immediately  after  the 
sampling.  The  plasma  was  frozen  aboard  the 
whaling  boat  and  shipped  to  Cleveland  in 
dry  ice. 

Pooled  normal  human  plasma  and  plasma 
from  patients  with  congenital  clotting  factor 
deficiencies  were  prepared  as  described  ear- 
lier (6).  Fletcher  trait  plasma  and  Fitzgerald 
trait  plasma  were  kindly  supplied  by  Dr. 
Charles  Abildgaard,  University  of  Califor- 
nia at  Davis,  and  Dr.  Robert  Waldmann, 
Henry  Ford  Hospital,  Detroit,  Mich.,  re- 
spectively. 

Crude  bovine  thrombin  (Topical  Throm- 
bin) and  Bothrops  atrox  venom  (Reptilase) 
were  obtained  from  Parke,  Davis  &  Co., 
Detroit,  MI  and  Abbott  Laboratories,  Chi- 
cago, 111.,  respectively.  Rabbit  brain  tissue 
thromboplastin  (Permaplastin)  was  pur- 
chased from  Alban  &  Co.,  St.  Louis,  Mo. 
and  human  brain  tissue  thromboplastin 
from  Cappel  Laboratories,  Wayne,  Pa. 
Rabbit  antiserum  against  human  clotting 
factors  were  prepared  as  described  earlier 
(6-8).  Goat  antiserum  against  human  kini- 
nogen  and  human  CI  esterase  (CI)  inhibi- 
tor were  kindly  supplied  by  Dr.  Virginia 
Donaldson,  University  of  Cincinnati  Col- 
lege of  Medicine,  Cincinnati,  Ohio  and  Dr. 
Jack  Pensky,  Case  Western  Reserve  Uni- 
versity, Cleveland,  Ohio.  The  following  an- 
tiserums were  obtained  from  commercial 
sources:  rabbit  antiserum  against  human 
plasminogen,  fibrin-stabilizing  factor  (factor 
XIII)  and  inter- a- trypsin  inhibitor  from 
Behringwerke  AG,  Marburg,  Germany; 
goat  antiserum  against  a2-macroglobulin 
and  tti-trypsin  inhibitor  from  Miles  Labora- 
tories,   Elkhart,    Ind.;    rabbit    antiserum 
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against  fibrin  from  Hyland  Laboratories, 
Costa  Mesa,  Calif.;  and  rabbit  antiserum 
against  antithrombin  III  from  Nyegaard  & 
Co.  AS,  Oslo,  Norway. 

Routine  clotting  tests  and  assays  for  indi- 
vidual clotting  factor  activity  were  per- 
formed as  described  previously  (9,  10).  One 
unit  of  clotting  factor  activity  was  arbitrarily 
defined  as  that  present  in  1  ml  of  pooled 
normal  human  plasma  (6).  Antithrombin 
activity  (11),  plasma  inhibitor  against  acti- 
vated PTA  (12),  and  plasma  inhibitor 
against  activated  Stuart  factor  (13)  were 
measured  as  described.  The  inhibition  of  the 
clot-promoting  activity  of  activated  Fletcher 
factor  (a  plasma  kallikrein)  was  tested  by 
incubating  purified  plasma  kallikrein  (25 
fiM  MeOH  released/ml/hr  in  a  TAME  (p- 
toluene  sulfonyl-L-arginine  methyl  ester)  es- 
terase assay  (8),  with  equal  amounts  of  sei 
whale  plasma  or  bovine  serum  albumin  (1 
mg/ml  in  barbital-saline  buffer,  pH  7.4)  at 
37**.  At  intervals,  aliquots  were  tested  for 
residual  activated  Fletcher  factor  activity 
upon  Fletcher  trait  plasma  as  a  substrate. 
The  results  were  expressed  as  percent  of  the 
initial  clot-promoting  activity. 

A  crude  fibrinogen  fraction  (fraction  I- 
0)  was  isolated  from  citrated  plasma  by  the 
method  of  Blomback  (14). 

Plasma  plasminogen  concentration  was 
assayed  by  the  method  of  Remmert  and 
Cohen  (15)  after  activation  by  streptokinase 
(high  purity,  the  gift  of  Lederle  Laborato- 
ries, American  Cyanamide  Co.,  Pearl 
River,  N.Y.)  or  human  urokinase  (WHO 
Standard  from  Abbott  Laboratories,  a  gift 
of  Dr.  A.  Johnson,  New  York  University 
Medical  Center,  N.Y.). 

Double  immunodiffusion  studies  were 
carried  out  on  7.5  x  2.5  cm  glass  slides  in 
0.9%  agarose  gel  in  barbital  buffer  (0.05  M 
sodium  barbital,  pH  8.4).  Ten  microliter 
samples  were  applied  to  the  wells  which 
were  3  mm  apart.  Precipitin  lines  were  al- 
lowed to  develop  for  24  hr  at  room  tempera- 
ture. Immunoelectrophoresis  was  per- 
formed on  glass  slides  of  the  same  size  at  a 
constant  voltage  of  150  V  for  60  min  at 
room  temperature. 

Antibody  neutralization  tests  for  AHF 
were  performed  as  recently  reported  (16). 

Results.  Blood  cloning  system.   Routine 


clotting  tests  showed  that,  compared  to  hu- 
man pooled  plasma,  the  thrombin  time, 
Reptilase  time,  and  one-stage  prothrombin 
time  were  moderately  prolonged.  The  ka- 
olin-activated partial  thromboplastin  time 
(kaolin  PTT)  was  greatly  prolonged  (Table 
I).  A  crude  Hbrinogen  fraction  (fraction  1- 
0),  isolated  from  whale  plasma,  clotted 
more  rapidly  upon  addition  of  thrombin 
than  the  .corresponding  fraction  of  human 
plasma.  The  one-stage  prothrombin  time  of 
the  whale  plasma,  using  human  tissue 
thromboplastin,  was  comparable  to  that  in 
which  rabbit  tissue  thromboplastin  was 
used.  The  prolonged  kaolin  PTT  (355  sec) 
was  largely  corrected  by  addition  of  an 
equal  volume  of  human  plasma  (81.3  sec), 
suggesting  that  this  prolongation  was  not 
due  to  the  presence  of  a  circulating  antico- 
agulant in  the  whale  plasma.  Individual  clot- 
ting factors  were  measured  in  comparison  to 
pooled  normal  human  plasma  using  human, 
congenitally  deficient  plasmas  as  substrates 
(Table  II).  Activities  attributable  to  Hage- 
man  factor,  Fletcher  factor,  and  PTA  were 
absent,  whereas  those  of  other  clotting  fac- 
tors were  comparable  to  those  of  human 
plasma.  In  immunologic  studies  employing 
double  diffusion,  whale  plasma  formed  a 
precipitin  line  of  nonidentity  with  human 
plasma  against  rabbit  antihuman  fibrin  se- 
rum. Little  difference  was  observed  on  Im- 
munoelectrophoresis between  the  mobility 
of  the  fibrinogen-related  antigen  of  whale 
and  human  plasma.  In  contrast  to  fibrino- 
gen, no  precipitin  lines  formed  between 
whale  plasma  and  antiserums  to  human 
AHF,  PTA,  HF,  Fletcher  factor,  Fitzgerald 
factor,  and  fibrin-stabilizing  factor.  AHF  ac- 
tivity of  whale  plasma  was  also  studied  by 
antibody  neutralization  tests,  using  both 
rabbit  anti-human  AHF  serum  and  a  human 
circulating  anticoagulant  against  AHF. 
Whale  AHF  was  7.5 x  more  resistant  to 
inactivation  by  rabbit  antiserum  and  7.6x 
more  resistant  to  inactivation  by  the  human 
circulating  anticoagulant  than  was  the  AHF 
in  human  plasma. 

Fibrinolytic  system.  When  human  uroki- 
nase was  used  as  an  activator,  plasma  plas- 
minogen was  detected  at  a  concentration  of 
1 .4  R  and  C  units/ml,  but  not  when  strepto- 
kinase was  used.  Whale  plasma  formed  a 
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e  precipitin  line  of  nonidentity  with  hu- 
plasma  against  rabbit  anti-human  plas- 
>gen  serum.  A  precipitin  line  formed 
1  immunoelectrophoresis  of  whale 
na  against  this  antiserum  with  elec- 
loretic  mobility  similar  to  that  of 
an  plasma. 

hibitors  of  blood  coagulation  and  fibri- 
m.  Functional  assays  of  plasma  anti- 
nbin  and  plasma  antiplasmin  activity 
^ed  200  and  50%  activity  relative  to 
of  a  standard  pool  of  normal  human 
na,  respectively.  The  titers  of  the  inhib- 
against  activated  PTA  and  activated 
rt  factor  in  whale  plasma  were  74  and 
7o  of  normal  human  pooled  plasma,  re- 

iBLE  I.  Routine  Clotting  Studies  of  Sei 
Whale  Plasma 


Ootting  time  (sec) 

Tests 

Baleen 
whale 

Human 
control 

Whale 
+  hu- 
man 
(1:1) 

ibin  time" 

asc  time 

'ombin  time,  brain 

ssue    thromboplas- 

n 

nan 

»bit 

i-activated  Fii 

25.3 
24.1 

16.6 

19.6 

355.0 

13.2 
18.4 

10.7 
13.3 
62.2 

16.0 

10.7 
81.3 

ive  units  per  milliliter  of  bovine  thrombin  was 


spectively.  When  activated  Fletcher  factor 
(a  plasma  kallikrein)  was  incubated  with 
baleen  whale  plasma,  clot- promoting  activ- 
ity was  decreased  to  44%  at  5  min  and  26% 
at  10  min  of  the  initial  activity.  There  was, 
however,  no  loss  of  activity  when  activated 
Fletcher  factor  was  incubated  with  a  bovine 
serum  albumin  control.  Immunodiffusion 
studies  of  whale  plasma  revealed  single  pre- 
cipitin lines  of  partial  identity  with  human 
plasma  against  the  antiserums  to  human  ax^ 
trypsin  inhibitor,  antithrombin  III  and  CI 
inhibitor.  Upon  immunoelectrophoresis,  lit- 
tle difference  was  observed  between  the  mo- 
bility of  human  and  whale  plasma  a2-ma- 
croglobulin  and  inter- a- trypsin  inhibitor-re- 
lated antigen. 

Discussion,  Sei  whale  plasma  showed  a 
greatly  prolonged  kaolin  PTT  that  was  cor- 
rected by  addition  of  normal  human  plasma. 
These  experiments  suggest  that  a  deficiency 
of  one  or  more  clotting  factors  participating 
in  the  intrinsic  pathway  of  thrombin  forma- 
tion was  present.  The  most  remarkable  find- 
ings were  the  absence  of  detectable  Hage- 
man  factor,  Fletcher  factor,  and  PTA  activ- 
ity. These  results,  in  test  systems  comprising 
heterogeneous  protein  mixtures,  should  be 
interpreted  carefully.  A  failure  to  correct 
the  clotting  defect  in  human  Hageman  trait, 
Fletcher  trait,  and  PTA  deficiency  may  have 
several  causes.  The  factor  may  be  absent  in 
both  plasmas,  or  it  may  function  only  in  a 


TABLE  II.  Clotting  Factor  Acnvrry  and  Antigen  in  Sei  Whale  Plasma 


Precipitin  line  with 

heterologous  anti- 

human  clotting 

Clotting  factors 

Normal  human  range" 

Activity  (U/ml) 

factor  serum 

Factor  I  (fibrinogen)^ 

177-415 

141 

+ 

Factor  II  (prothrombin) 

0.65-1.50 

0.90 

NP^ 

Factor  V  (proaccelerin) 

0.45-1.65 

0.54 

NT 

Factor  VII 

0.55-1.85 

0.17 

NT 

Factor  VIII  (AHF) 

0.46-1.75 

1.44 

— 

Factor  IX  (Christmas  factor) 

0.50-1.80 

2.30 

NT 

Factor  X  (Stuart  factor) 

0.65-1.85 

0.75 

NT 

Factor  XI  (FTA) 

0.50-1.56 

0.04 

— 

Factor  XII  (Hageman  factor) 

0.35-1.83 

<0.01 

- 

Factor  XIII  (FSF) 

Present 

Present 

— 

Fletcher      factor      (plasma 

0.50-1.50 

<0.01 

— 

prekallikrein) 

Fitzgerald  factor  (high  MW 

0.46-1.32 

0.30 

- 

kininogen) 

4ean  ±  2  SD. 

Expressed  as  milligrams  of  protein  per  100  ml  of  plasma. 

lot  tested. 
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species  specific  manner.  Nonetheless,  this 
combination  of  clotting  factor  deficiencies 
and  the  prolonged  kaolin  PTT  suggest  that 
the  sei  whale  is  truly  deficient  in  these  fac- 
tors. In  contrast,  all  other  known  clotting 
factor  activities  were  present  in  whale 
plasma  in  amounts  comparable  to  those 
present  in  human  plasma.  Although  factor 
VII  activity  was  moderately  low,  species 
specificity  of  tissue  thromboplastin  used  to 
assay  this  factor  may  explain  the  low  level 
(17).  Immunological  studies  showed  that 
the  AHF,  fibrin-stabilizing  factor  and  Fitz- 
gerald factor  (high  molecular  weight  kinino- 
gen)  of  whale  plasma  were  antigenically  dif- 
ferent from  those  of  human  plasma.  Whale 
fibrinogen,  however,  appeared  to  contain 
antigens  partially  similar  to  those  of  human 
fibrinogen. 

•  It  is  interesting  to  note  that  3  out  of  4 
surface-mediated  clotting  factors  (HP, 
PTA,  Fletcher  factor  and  Fitzgerald  factor) 
were  absent  in  the  plasma  of  a  deep-diving 
animal.  The  sei  whale  is  said  to  dive  as  deep 
as  300  m  or  more  (1).  At  these  depths  the 
water  pressure  is  about  30  or  more  atmos- 
pheres. It  has  been  shown  that  the  blood 
circulation  to  some  parts  of  the  seal  may  be 
stopped  or  retarded  during  deep  dives  (18). 
The  role  of  retarded  blood  flow  in  thrombo- 
sis is  well  appreciated  (19).  It  is  also  said 
that  blood  pH  falls  during  long  dives  (20). 
Acidosis  may  contribute  to  thrombogenesis 
(21).  Yet  these  animals  do  not  apparently 
undergo  thrombosis.  It  is  tempting  to  specu- 
late that  the  deficiency  of  HF,  Fletcher  fac- 
tor, and  PTA  may  contribute  to  the  lack  of 
thrombosis  in  these  deep-diving  animals. 

Normal  human  plasma  possesses  various 
protease  inhibitors  which  may  counterbal- 
ance the  activation  of  blood  clotting.  Whale 
plasma  appears  to  have  similar  inhibitors 
which  can  be  detected  functionally  and  im- 
munologically. It  is  interesting  to  note  that 
whale  plasma  is  able  to  inactivate  activated 
Fletcher  factor  and  activated  PTA,  although 
both  Fletcher  factor  and  PTA  are  deficient 
in  the  plasma. 

Studies  on  the  fibrinolytic  system  in  ma- 
rine mammals  are  also  sparse.  The  present 
study  demonstrated  that  plasma  plasmino- 
gen of  a  baleen  whale  was  activated  by  hu- 
man urokinase,  but  not  by  streptokinase. 


This  is  consistent  with  the  previous  report 
that  plasma  plasminogen  in  the  killer  whale 
and  dolphins  was  not  activated  by  streptoki- 
nase alone  (3).  The  presence  of  plasma  plas- 
minogen in  the  sei  whale  was  also  demon- 
strated immunologically .  Additionally, 
whale  plasma  had  some  antiplasmin  activity. 

Comparative  study  of  blood  coagulation 
and  fibrinolytic  systems  in  mammals  may 
help  not  only  to  elucidate  the  evolution  of 
these  systems  but  also  to  understand  the 
possible  role  of  these  systems  in  the  patho- 
physiology of  human  disease. 

Summary.  Blood  clotting  and  fibrinolytic 
systems  were  studied  in  the  plasma  of  a  sei 
whale  (Balaenoptera  borealis).  The  sei 
whale  belongs  to  the  suborder  baleen 
whales  of  the  order  Cetacea.  Whale  plasma 
had  a  greatly  prolonged  kaolin-activated 
partial  thromboplastin  time  and  was  defi- 
cient in  Hageman  factor  (factor  XII), 
Fletcher  factor  (a  plasma  prekallikrein),  and 
PTA  (factor  XI).  All  other  clotting  factor 
activities  were  present  in  amounts  compara- 
ble to  that  of  normal  human  plasma.  Whale 
plasminogen  was  activated  by  human  uroki- 
nase, but  not  by  streptokinase.  Whale 
plasma  contained  inhibitory  activities 
against  thrombin,  activated  Stuart  factor, 
activated  PTA,  activated  Fletcher  factor, 
and  plasmin. 


We  are  grateful  to  Dr.  James  Mead  of  the  Smithson- 
ian Institution,  Washington,  D.  C,  who  imported  the 
whale  plasma.  Ms.  Ellen  Strecker  and  Miss  Marilyn 
Burke  provided  invaluable  technical  help. 
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Immunologic  tolerance  to  simple  hapten 
bound  to  nonimmunogenic  carriers  has 
gained  wide  acceptance  to  study  the  mecha- 
nism of  tolerance  (1-6).  Of  particular  inter- 
est is  autologous  IgG  as  a  tolerance-induc- 
ing carrier  because  it  is  a  physiologic  protein 
naturally  tolerated  by  the  host  (5).  Al- 
though this  phenomenon  has  been  observed 
in  several  strains  of  mice  (7),  it  is  not  known 
whether  this  is  a  general  property  of  autolo- 
gous IgG.  For  this  reason,  we  have  exam- 
ined the  tolerogenic  properties  of  autolo- 
gous IgG  in  a  different  system,  the  anti- 
fluorescein  response  of  rabbits  (8).  This  par- 
ticular system  was  chosen  for  two  reasons. 
Firstly,  the  rabbit  anti-fluorescein  (anti-Fl) 
response  to  an  immunogenic  hapten  carrier 
conjugate  (Fl-KLH)  (Fl-keyhole  limpet  hae- 
mocyanin)  has  already  been  extensively 
characterized  in  this  laboratory  (8).  Sec- 
ondly, if  one  can  induced  tolerance  to  a 
fluorescent  hapten  it  will  offer  distinct  ad- 
vantages to  follow  the  fate  of  the  tolerogen 
in  vivo. 

Materials  and  methods.  Preparation  of 
hapten  carrier  conjugates.  Keyhole  limpet 
haemocyanin  (KLH)  and  purified  isologous 
rabbit  gamma  globulin  (RGG)  were  ob- 
tained commercially  from  Schwartz-Mann. 
Autologous  RGG  was  purified  from  the  se- 
rum of  individual  rabbits  by  starch  block 
electrophoresis.  Fluorescein  isothiocyanate 
(Sigma  Chemical  Co.,  St.  Louis,  Mo.)  was 
conjugated  in  different  molar  ratios  to 
KLH,  RGG  (homologous),  and  RGG  (au- 
tologous) by  previously  described  methods 
(8). 

Immunizations.  Randomly  bred  New 
Zealand  white  rabbits  (Gloucester  Rabbi- 
try)  were  used  throughout  these  studies. 
The  rabbits  were  injected  subcutaneously 

•  Present  address:  Immunology  Department,  Chil- 
dren's Hospital  Medical  Center,  Harvard  Medical 
School,  Boston,  Mass.  02115. 


(in  the  rear  footpads)  with  3-5  mg  of  hapten 
carrier  conjugate  in  complete  Freund's  ad- 
juvant (CFA),  or  intravenously  (in  the  mar- 
ginal ear  vein)  with  30-50  mg  of  the  hapten 
carrier  conjugate  in  phosphate-buffered  sa- 
line (PBS).  For  iv  injections  the  molar  ratio 
of  hapten  to  carrier  was  8-10:1  based  on 
molecular  weights  of  900,000  for  KLH  and 
150,000  for  RGG.  For  sc  injections  the  mo- 
lar ratios  were  85:1  for  Fl-KLH  and  8:1  for 
Fl-RGG.  In  some  experiments  iv  and  sc 
injections  were  performed  simultaneously. 

Anti'Fl  assays.  In  these  studies,  the  rela- 
tive levels  of  anti-Fl  responses  to  different 
hapten  carrier  conjugates  and  different 
methods  of  immunization  were  compared  in 
terms  of  the  maximum  concentration  of 
anti-Fl  antibody  reached  in  the  serum  fol- 
lowing each  injection. 

The  rabbits  were  bled  weekly  (35-40  ml) 
and  screened  for  anti-Fl  activity  by  qualita- 
tive precipitin  tests  with  Fl-bovine  serum 
albumin  (BSA).  (8)  The  RGG  fraction  in 
each  serum  sample  was  precipitated  by 
(NH4)2S04  (30%  w/w),  dissolved  in  PBS 
(25  ml)  and  dialyzed  against  PBS  to  remove 
any  traces  of  (NH2)2S04.  The  RGG  solu- 
tions were  then  diluted  to  0.5-1.0  mg/ml 
and  assayed  by  fluorescence  titrations  (9)  to 
determine  the  anti-Fl  concentration.  The  ac- 
tual concentration  of  anti-Fl  in  the  original 
serum  was  calculated  from  this  data.  Using 
this  technique,  serum  antifluorescein  levels 
as  low  as  0.1  mg/ml  could  be  detected. 

Anti'KLH  assay.  The  relative  concentra- 
tions of  anti-KLH  antibody  were  deter- 
mined by  a  quantitative  precipitin  test  in 
which  the  precipitated  antigen-antibody 
complex  was  assayed  spectrophotometric- 
ally.  The  extinction  coefficient  (E±'''^^  of 
IgG  and  KLH  were  assumed  to  be  1 .5  (8) 
and  1.7  (10),  respectively.  The  weight  of 
anti-KLH  antibody  in  the  precipitate  was 
then  used  to  calculated  the  concentration  (in 
milligram  per  milliliter)  of  anti-KLH  anti- 
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n  the  original  serum. 
ilts.  Induction  of  immunological  toler- 
)  Fl  by  Fl'RGG  (autologous).  Previ- 
it  has  been  shown  that  immunization 
lie  antigen  Fl-KLH  (sc)  induces  an 

response  in  rabbits.  The  maximum 
d  within  2  weeks  was  in  the  range  of 
g/ml  (8)  and  is  maintained  for  2  to  3 

then  declines  after  6  weeks.  At  this 
le  serum  anti-Fl  concentration  is  less 
.1  mg/ml,  the  limit  of  detection  in  our 
The  effect  of  treatment  with  Fl-RGG 
)gous)  on  the  anti-Fl  response  was 
i.  The  results  are  shown  in  Table  I. 
nals  (Group  I)  injected  with  Fl-RGG 
)gous)  iv  had  no  detectable  antibody 
I  their  serum  either  prior  to  or  after  a 
I  iv  injection  of  Flg-RGG  (autologous) 
er  with  a  subcutaneous  injection  of 
LH  in  CFA.  In  contrast,  animals  simi- 
'eated  with  either  Fl-RGG  (homolo- 
(Group  II)  or  Fl-KLH  (Group  III) 
:e  an  anti-Fl  response, 
letermine  whether  pretreatment  with 
ologous  hapten-carrier  conjugate  was 
ary  for  the  induction  of  tolerance, 
jntreated  rabbits  were  injected,  first 
Ig-RGG  (autologous)  iv,  and  then, 
iately  thereafter,  with  Flgj-KLH  sc. 
ti-Fl  antibody  was  detected  in  any  of 
)bits  during  the  next  7  weeks. 
nession  of  the  secondary  response  to 
1-RGG  (autologous).  The  results  are 

in  Table  II.  Six  rabbits  (Group  IV) 


were  immunized  sc  with  Flgs-KLH  and  bled 
weekly  until  the  concentration  of  anti-Fl  in 
the  serum  was  less  than  0.1  mg/ml.  During 
this  period,  (6  to  8  weeks)  the  concentration 
of  anti-Fl  in  the  sera  reached  maximum  lev- 
els of  1-2  mg/ml. 

Each  of  the  rabbits  was  then  injected  si- 
multaneously with  Flg-RGG  (autologous) 
and  Flgj-KLH  sc.  Five  of  the  six  rabbits 
produced  no  detectable  anti-Fl  antibody 
during  the  next  6  weeks,  and,  in  the  sixth 
rabbit,  the  response  was  suppressed  (0.3 
mg/ml).  In  a  control  experiment,  five  rab- 
bits similarly  treated  with  Flgj-KLH  (Group 
V)  showed  a  normal  anti-Fl  response  (1-2 
mg/ml)  to  both  primary  and  secondary  in- 
jections. 

Seven  weeks  after  the  tolerizing  injection, 
each  of  the  tolerized  rabbits  were  chal- 
lenged with  sc  injection  of  Flgj-KLH.  In 
each  case,  the  normal  anti-Fl  response  was 
restored. 

Table  I  and  II  show  that  the  suppression 
of  the  fluorescein  response  is  hapten  specific 
since  the  immune  response  to  the  carrier 
(KLH)  is  the  same  in  control  rabbits  as  well 
as  in  rabbits  made  tolerant  to  fluorescein. 

Immunogenicity  of  all  Fl  Carrier  Conju- 
gates. The  results  show  (Table  III),  as  ex- 
pected, that  Fl-KLH  is  more  immunogenic 
than  Fl-homologous  RGG  and  that  the  sub- 
cutaneous route  of  administration  is  more 
effective  than  the  intravenous  route  in  in- 
ducing antibody  formation.  In  contrast,  Fl- 


TABLE  1.  Suppression  of  the  Primary  Response  to  Fl  by  Fl-RGG  (Autologous) 


No.  of 
rabbits 

Experi- 
mental 
schedule 
(week) 

Conjugate 

Route  of 
adminis- 
tration 

Average  maxi- 
mum anti-Fl  con- 
centration in  se- 
rum 
(mg/ml)- 

Average  maxi- 
mum anti-KLH 
concentration  in 
serum 
(mg/ml) 

5 

0 
8 

Fl-RGG  (Autologous) 
Fl-RGG  (Autologous) 
Fl-KLH 

IV 
IV 
SC 

<0.1* 
<0.1 

0.73       (0.03) 

3 

0 

8 

Fl-RGG  (Isologous) 
Fl-RGG  (Isologous) 
Fl/KLH 

IV 
IV 
SC 

.25       (0.05) 
1.25       (0.20) 

0.75       (0.05) 

3 

0 
8 

Fl-KLH 
Fl-KLH 
Fl-KLH 

IV 
IV 
SC 

0.45       (0.1) 
1.5         (0.35) 

0.78       (0.04) 
0.76       (0.05) 

t)  of  these  values  is  the  arithmetic  mean  of  the  maximum,  reached  after  2  weeks  in  all  instances,  anti-Fl 
ations  found  during  the  anti-Fl  response  of  each  of  the  rabbits  in  a  particular  group.  The  standard 
IS  are  indicated  in  parentheses, 
limit  of  detection  of  anti-Fl  antibody  in  our  assay  was  0.1  mg/ml. 
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TABLE  II.  Suppression  of  the  Secondary  Response  to  F1  by  Fl-RGG  (Autologous) 


No.of  rab- 
Group        bits 

Time  of  in- 
fection 
(week) 

Conjugate 

Route  of 
administra- 
tion 

Average  maxi- 
mum anti-Fl  con- 
centration in  se- 
rum 
(mg/ml)- 

Average  man- 
mum  anti-KLH 
concentratioo  in 
serum 
(mg/ml) 

IV             5 
V              5 

0 
8 

16 

0 
8 

Fl-KLH 

Fl-RGG  (autologous) 

Fl-KLH 

Fl-KLH 

Fl-KLH 
Fl-KLH 
Fl-KLH 

SC 
IV 
SC 
SC 

SC 
IV 
SC 

1.2         (0.15) 
<0.1*-^ 

1.15       (0.30) 

1.15       (0.20) 
1.30       (0.35) 

0.74 
0.77 

0.82 

0.73 
0.71 

(0.03) 
(0.02) 

(0.04) 

(0.04) 
(0.03) 

"  Each  of  these  values  is  the  arithmetic  mean  of  the  maximum,  reached  after  two  weeks  in  all  cases,  anti-Fl 
concentrations  found  during  the  anti-Fl  response  of  each  of  the  rabbits  in  a  particular  group.  The  standard 
deviations  are  indicated  in  parentheses. 

^  The  limit  of  detection  of  anti-Fl  antibody  in  our  assay  was  0.1  mg/ml. 

'^  A  sixth  rabbit  gave  a  detectable  response  to  the  second  injection  yielding  a  maximum  anti-Fl  concentration  of 
0.3  mg/ml. 

TABLE  III.  RABBrr  Anti-F1  Responses  to  F1-Carrier  Conjugates 


No.of  rabbits 


Conjugate 


Moles  of  Fl  per 
mole  of  earner 


Route  of  ad- 
ministration 


Average  maximum  anti-Fl 
concentration  in  serum 
(mg/ml)- 


8 

Fl-KLH 

85:1 

SC 

1.2 

(0.2) 

Fl-RGG  (isologous) 

8:1 

SC 

0.25 

(0.05) 

Fl-RGG  (autologous) 

8:1 

SC 

<0.1* 

Fl-KLH 

10:1 

IV 

0.45 

(0.1) 

Fl-RGG  (isologous) 

8:1 

IV 

0.25 

(0.05) 

Fl-RGG  (autologous) 

8:1 

IV 

<0.1 

-  Each  of  these  values  is  the  arithmetic  mean  of  the  maximum  anti-Fl  concentration  reached  in  all  instances  2 
weeks  after  immunization  found  during  the  anti-Fl  response  of  each  rabbit  in  a  particular  group.  The  standard 
deviations  are  indicated  in  parentheses. 

*  The  limit  of  detection  of  anti-Fl  antibody  in  our  assay  is  0.1  mg/ml. 


autologous  IgG  was  not  immunogenic  even 
when  given  subcutaneously  in  complete 
Freund's  adjuvant. 

Discussion.  These  studies  show  that,  in 
rabbits,  either  the  primary  or  the  secondary 
anti-Fl  response  to  Fl-KLH  may  be  sup- 
pressed by  treatment  with  a  nonimmuno- 
genic  hapten  carrier  conjugate  Fl-RGG  (au- 
tologous). The  induced  tolerance  is  due  to 
the  autologous  carrier  and  is  hapten-spe- 
cific.  Recent  work  has  shown  that  the  autol- 
ogous nature  of  IgG  is  not  sufficient  for 
tolerogenicity.  The  mode  of  attachment  of 
the  hapten  to  the  carrier  is  also  critical  for 
tolerance  induction  (11).  The  efficiency  of 
autologous  IgG  as  a  tolerance  inducing  car- 
rier, as  compared  to  hemologous  IgG  may 
be  due  to  an  allotypic  difference  of  these 
rabbit  gamma  globulins.  Thus,  an  immune 
response  against  a  foreign  allotype  may 
have  rendered  Fl-isologous  rabbit  gamma 
globulin  immunogenic. 


The  induction  of  carrier-determined  tol- 
erance in  unprimed  animals  appears  to  in- 
volve a  cellular  mechanism  in  which  the  re- 
ceptors of  the  antigen  binding  cells  (ABC) 
are  blocked  by  persistently  bound  tolerogen 
(12).  The  recent  observation  (13)  that,  in 
rats,  fluorescein  presented  as  tolerogen  re- 
mains on  the  surface  of  the  lymphoid  cell,  is 
consistent  with  this  interpretation. 

We  have  also  found  that  tolerance  may  be 
induced  in  primed  animals,  which,  presum- 
ably, have  a  greater  number  of  antigen- 
binding  cells  (ABC)  specific  for  fluorescein 
than  in  umprimed  animals.  This  observation 
suggests  that  the  ABC  of  the  primed  ani- 
mals, which  are  known  to  process  a  greater 
number  of  specific  receptors  on  their  surface 
(14),  have  been  paralyzed.  The  observation 
that  carrier  determined  tolerance  is  tran- 
sient and  requires  the  constant  presence  of 
the  tolerogen  may  imply  that  receptor 
blockade  is  reversible  in  vivo  as  was  recently 
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shown  to  be  the  case  in  vitro  (15)  when 
tolerance  was  broken.  This  mechanism  may 
involve  both  T  and  B  cells  as  has  been  dem- 
onstrated in  a  different  system  (16). 

Finally,  it  should  be  emphasized  that  the 
ability  to  induce  tolerance  to  a  fluorescent 
hapten  offers  several  distinct  advantages: 
Firstly,  it  will  permit  direct  visualization  of 
the  fate  of  the  tolerogen  in  vivo.  Thus,  one 
can  determine  by  a  more  simple  technique 
than  autoradiography,  whether  the  tolero- 
gen, in  contrast  to  the  immunogen,  stays  on 
the  surface  of  the  antigen  binding  cell.  Sec- 
ondly, receptor  blockade  of  the  anitigen 
binding  cell  by  a  fluorescent  hapten  will  al- 
low the  separation  of  the  tolerant  cell  (i.e., 
antigen  binding  cell  with  its  receptor  occu- 
pied by  the  tolerogen),  by  means  of  a  cell 
sorter  apparatus  (17).  If  a  relatively  pure 
population  of  tolerant  cells  can  be  obtained 
then  a  number  of  studies  on  the  function  as 
well  as  the  metabolism  of  these  cells  can  be 
undertaken,  thereby  opening  a  rational  ap- 
proach to  the  cellular  basis  of  tolerance. 
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The  eosinophil  major  basic  protein 
(MBP)  is  a  low  molecular  weight,  highly 
basic  material  which  constitutes  over  50% 
of  the  protein  content  of  the  eosinophil 
granule  (1).  MBP  has  been  isolated  from 
the  eosinophils  of  guinea  pigs  and  humans 
(1,  2).  The  physiochemical  analyses  of  the 
guinea  pig  MBP  indicate  that  it  has  a  molec- 
ular weight  of  11,000,  is  rich  in  arginine 
(13%),  and  contains  two  free  sulfhydryl 
groups,  as  well  as  two  intrachain  disulfide 
bonds  (3).  On  standing,  MBP  readily  aggre- 
gates presumably  by  oxidation  of  its  two 
fi;ee  sulfhydryl  groups.  As  yet,  no  specific 
biological  activity  has  been  found  for  this 
protein. 

The  rat  is  a  potentially  useful  species  for 
the  study  of  eosinophil  function.  For  exam- 
ple, parasitic  infections,  most  notably  Nip- 
postrongylus  brasiliensis,  have  been  well 
studied  in  the  rat  and  evidence  that  the 
eosinophil  plays  a  protective  role  in  immu- 
nity to  parasitic  infections  has  been  pre- 
sented (4,  5).  Further,  an  immunoglobulin 
E  (IgE)-producing  tumor  has  been  found  in 
the  rat  (6).  Thus,  the  rat  could  serve  as  a 
useful  model  for  the  study  of  the  relation- 
ship between  IgE  and  eosinophils  in  immu- 
nity to  parasitic  infections  and  in  allergic 
diseases.  Because  of  these  considerations 
we  determined  whether  rat  eosinophils  pos- 
sess a  protein  like  the  MBP  found  in  the 
guinea  pig  and  human,  and  here  we  report 
the  isolation  and  characterization  of  such  a 
protein. 

Materials  and  methods.  Eosinophil  gran- 
ules were  prepared  essentially  as  described 
previously  for  the  guinea  pig  (7,8).  Briefly, 
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the  peritoneal  cavities  of  rats  were  repeat- 
edly lavaged  at  weekly  intervals  with  50  ml 
of  sterile  saline  until  an  eosinophil  rich  pop- 
ulation of  cells  was  obtained  (7,  8).  These 
cells  were  pooled  and  washed  once  with 
0.34  M  sucrose,  and  a  granule-rich  fraction 
was  prepared  by  extraction  with  0.34  M  su- 
crose. In  this  procedure,  2-5  x  10*  cells 
were  suspended  in  approximately  10  ml  of 
sucrose,  mixed  vigorously  by  repetitively 
pipetting  with  a  10-ml  serologic  pipet,  and 
centrifuged  at  400g  for  10  min  to  remove 
unbroken  cells  and  nuclei.  The  sediment 
from  the  first  extraction  was  extracted  three 
more  times  in  the  same  manner,  and  the 
supernates  from  these  extractions  were 
pooled  and  centrifuged  at  15,000g  for  20 
min.  The  resulting  pellet  was  extracted  with 
1 .5  ml  of  0.01  N  HQ  and  chromatographed 
on  a  Sephadex  G-50  column  equilibrated 
with  0.01  N  HCl.  Eosinophil  granule  pro- 
teins were  analyzed  by  polyacrylamide  gel 
using  an  8%  gel  containing  1%  sodium  do- 
decyl  sulfate  (SDS)  according  to  the  method 
of  Fairbanks  et  al,  (9).  Gels  were  stained  for 
protein  with  Coomassie  blue  (9).  Isoelec- 
trofocusing  was  performed  using  an  LKB 
multiphor  electrophoresis  apparatus  accord- 
ing to  manufacturer's  recommendations 
with  a  2-10  pH  gradient.  Amino  acid  com- 
position was  performed  as  described  by 
Spackman  et  al,  (10),  using  a  Beckman 
Model  119  amino  acid  analyzer.  Samples  of 
MBP  were  hydrolyzed  for  24  and  48  hr  in  6 
M  HCl.  Cysteine  content  was  determined 
after  oxidizing  the  protein  with  performic 
acid  as  described  by  Moore  (11).  Eosinophil 
granules  were  fixed  in  3%  glutaraldehyde, 
embedded  in  Epon  812,  and  processed  for 
electron  microscopy  according  to  standard 
procedures. 

Results,  Although  rats  tolerated  repeated 
peritoneal  lavaging  and  responded  with  an 
increased  number  of  eosinophils  in  the  la- 
vage fluids,  their  response  was  quantita- 
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different  than  that  obtained  with 
I  pigs  (7).  In  spite  of  frequent  lavaging, 
imber  of  cells  obtained  from  the  rats 
Ignificantly  less  than  we  could  obtain 
the  guinea  pig.  For  example,  on  the 
;e  a  single  lavage  in  the  guinea  pig 
d  about  6  X  10^  total  leukocytes  of 
approximately  45%  were  eosinophils. 
;  rat,  we  normally  obtained  1  x  10^ 
)f  which  40%  were  eosinophils.  Thus 
per  animal  basis  there  was  a  sixfold 
snce  in  the  number  of  cells  obtained 
mtoneal  lavage.  Because  the  small 
er  of  eosinophils  obtained  from  a  sin- 
vage  yielded  insufficient  quantities  of 
n  for  analysis,  the  rats  were  lavaged 
times  a  week  instead  of  once  a  week, 
mimals  tolerated  the  more  frequent 
ng  well,  and  similar  numbers  of  eosin- 
;  were  obtained.  However,  extraction 
5  mixed  preparation  of  cells  from  the 
•neal  cavity  (40%  eosinophils)  yielded 
ranules  and  vanishingly  small  quanti- 
f  protein.  We  attempted  to  alter  the 
;tion  protocol  by  adding  heparin  (250 
ml)  to  the  sucrose  solution  because 
in  has  been  shown  to  be  important  for 
[traction  of  human  eosinophil  granules 
^e  also  enriched  the  rat  eosinophils  by 
entation  through  a  sodium  ditrizoate 
)n  (final  purity  80%  eosinophils),  but 
;r  modification  nor  their  combination 
»ved  the  yield  of  granules  and  protein 
the  cells.  Therefore,  we  increased  the 
er  of  animals  from  20  to  50  and  by 
this  larger  population  and  by  lavaging 
ekly  intervals,  we  were  able  to  obtain 
lent  quantities  of  granules  for  study. 
Is  contained  in  the  peritoneal  lavage 
were  osmotically  disrupted  with  0.34 
i^'ose,  and  the  granules  were  pelleted 
ntrifugation  at  15,000g  for  20  min. 
\  examined  under  the  electron  micro- 
,  this  pellet  contained  free  granules 
some  cytoplasmic  membranes  but  no 
ent  nuclear  debris.  The  granules  in 
>ellet  were  not  in  as  high  a  state  of 
'  as  had  been  obtained  with  the  guinea 
>sinophils,  but  the  contaminating  cellu- 
sbris  evidently  did  not  affect  subse- 

extraction  procedures.  The  pelleted 
les  from  approximately  2x10®  eosin- 
»  were  solubilized  in  1.5  ml  of  0.01  N 
and  analyzed  by  SDS  polyacrylamide 


gel  electrophoresis.  The  SDS  gels  showed  a 
number  of  bands  with  a  major  band  in  a 
position  which  corresponded  to  the  guinea 
pig  major  basic  protein,  i.e.,  with  a  molecu- 
lar weight  of  approximately  1 1 ,000  (Fig.  1). 
The  granule  extract  was  chromatographed 
on  a  Sephadex  G-50  column  equilibrated 
with  0.01  N  HCl  and  two  major  peaks  were 
found,  a  void  volume  peak  and  a  second 
peak  eluting  just  after  the  cytochrome  c 
marker  indicating  a  molecular  weight  of 
around  11,000  (Fig.  2).  When  the  material 


Fig.  1.  SDS  polyacrylamide  gel  electrophoresis  of 
rat  eosinophil  granule  extracts.  Eosinophil  granules 
solubilized  in  0.01  N  HCl  show  a  number  of  bands  with 
a  major,  low  molecular  weight  band  (right).  Analysis  of 
a  concentrated  pool  of  the  second  peak  of  a  Sephadex 
G-50  column  equilibrated  with  0.01  N  HCl  reveals  a 
single  band  at  the  same  position  as  the  major  band 
(left).  The  india  ink  mark  at  the  bottom  of  the  gels 
indicates  the  position  of  the  pyronin  Y  marker  at  the 
conclusion  of  electrophoresis. 
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TABLE  I.  Amino  Acm  CoMPOsmoN  of  MBP 
Isolated  From  Rat,  Guinea  Pig,  and  Human 


34  51  68 

Volume  in  ml 
Fig.  2.  Analysis  of  solubilized  eosinophil  granules 
on  Sephadex  G-50.  Granules  were  solubilized  in  0.01 
A^  HQ  and  chromatographed  on  a  1 .2  x  50  cm  column 
equilibrated  with  O.OI  A^  HQ.  The  second  peak  frac- 
tions (elution  volumes  between  48-54  ml)  were  pooled, 
concentrated,  and  analyzed  in  the  SDS-PAGE  ex- 
periment shown  in  Fig.  1 . 

in  the  second  peak  was  analyzed  by  SDS  gel 
electrophoresis,  it  yielded  a  single  band  mi- 
grating in  the  position  of  the  major  band  of 
the  acid  extract  (Fig.  1).  The  protein  from 
the  second  peak  of  the  Sephadex  G-50  col- 
umn was  analyzed  by  isoelectric  focusing 
and  a  single  band  was  seen  at  the  cathodal 
wick  indicating  that  the  protein  has  an  isoe- 
lectric point  greater  than  10.  Amino  acid 
composition  of  the  eosinophil  major  basic 
protein  was  performed  and  the  results  are 
shown  in  Table  I.  The  amino  acid  composi- 
tions of  guinea  pig  and  human  MBP  are 
shown  for  comparison.  The  amino  acid  com- 
positions of  the  three  proteins  are  quite  sim- 
ilar for  a  number  of  amino  acid  residues  and 
most  significantly  in  their  arginine  content. 

Discussion.  Rats  responded  to  repeated 
peritoneal  lavage  with  sterile  saline  by  de- 
veloping a  peritoneal  eosinophilia.  While 
the  number  of  leukocytes  obtained  from  the 
rat  was  less  than  the  number  obtained  from 
guinea  pigs  by  similar  procedures,  the  yield 
was  comparable  to  that  reported  by  Bos- 
worth  and  Archer  (8).  Surprisingly,  we  were 
unable  to  extract  granules  from  cells  ob- 
tained by  frequent  lavaging  (three  times  per 
week)  while  granules  could  be  obtained  if 
the  rats  were  only  lavaged  once  a  week.  It  is 
possible  that  the  frequent  lavaging  selected 
a  more  immature  population  of  eosinophils 
and  the  immature  cells  did  not  behave  in  the 
extraction  protocol  as  expected  from  our 
prior  studies. 

The  rat  eosinophil  appears  to  contain  a 
protein  analogous  to  the  MBP  found  in 
guinea  pig  and  human  eosinophil  granules. 


Amino  acid 

Rat 

Guinea 
pig- 

Human' 

Aspartic 
Threonine 

?• 

6 

4 

7 

4 

Serine 

4 

4 

Glutamic 

8 

8 

Proline 

5 

1 

Glycine 
Alanine 

14 

12 
8 

8 

5 

Valine 

9 

5 

Methionine 

1 

0 

Isoleucine 

2 

3 

Leucine 

4 

6 

Tyrosine 

Phenylalanine 

Histidine 

4 
5 
3 

4 
5 
2 

Lysine 
Arginine 
Tryptophan 
Cysteine 

13 
5*^ 

2 

13 

4 

6 

3 

11 

8 

6 

*  Number  of  residues. 

•  Not  done. 

^  As  cysteic  acid. 
"  From  Rcf.  3. 
«  From  Rcf.  2. 

This  conclusion  is  based  on  three  lines  of 
evidence:  (i)  SDS  polyacrylamide  electro- 
phoresis and  gel  filtration  on  Sephadex  G- 
50  show  a  major  band  with  a  molecular 
weight  of  10-12,000.  (ii)  Isoelectric  focus- 
ing reveals  that  this  protein  has  an  isoelec- 
tric point  greater  than  pH  10  indicating  that 
it  is  highly  basic,  (iii)  The  amino  acid  com- 
position data  show  that  this  is  an  arginine- 
rich  protein.  We  concluded,  therefore,  that 
the  rat  eosinophil  contains  an  MBP  very 
similar  to  that  isolated  from  the  guinea  pig 
and  human.  Although  we  did  not  obtain  rat 
eosinophil  granules  in  a  high  state  of  purity, 
the  similarity  of  this  protein  to  guinea  pig 
MBP,  which  we  have  localized  in  the  eo- 
sinophil granule  core  by  immunoperoxidase 
electron  microscopy  (12),  leads  us  to  be- 
lieve the  rat  MBP  is  derived  from  the  eosin- 
ophil granule.  The  demonstration  of  MBP 
in  rat  eosinophil  granules  as  well  as  our 
prior  findings  in  the  guinea  pig  and  human 
suggests  that  this  protein  is  common  to 
most,  if  not  all,  mammalian  eosinophils. 

Summary,  The  rat  eosinophil  granule  pos- 
sesses a  major  basic  protein  (MBP)  simUar 
to  that  previously  isolated  from  human  and 
guinea  pig  eosinophils.  This  conclusion  is 
based  on  demonstration  that  the  major  pro- 
tein of  the  rat  eosinophil  granule  is  a  low 
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molecular  weight,  highly  basic  material  with 
an  amino  acid  composition  similar  to  that  of 
the  human  and  guinea  pig  MBP. 

The  authors  wish  to  thank  Dr.  Kenneth  Mann  for 
use  of  his  amino  acid  analyzer  and  Dr.  Jon  Lewis  for 
perfonning  the  electron  microscopic  examination  of 
the  granule  preparation. 
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Despite  extensive  utilization  of  the  rat  to 
characterize  the  physiologic  and  pathophysi- 
ologic roles  of  calcitonin  and  factors  which 
influence  the  secretion  of  the  hormone,  no 
radioimmunoassay  has  been  developed  with 
sufficient  sensitivity  to  measure  serum  calci- 
tonin in  this  species.  Recently,  Burford  and 
associates  (1)  reported  the  important  obser- 
vation that  human  and  rat  calcitonin  are 
closely  related  immunologically  and  that  an- 
tisera  to  human  calcitonin  might  be  used  to 
measure  calcitonin  in  the  rat.  The  hormone, 
however,  could  not  be  measured  in  the  pe- 
ripheral circulation  with  their  assay.  We 
now  describe  studies  with  a  radioimmunoas- 
say originally  developed  for  human  calci- 
tonin (2,  3)  which  has  sufficient  sensitivity 
to  permit  characterization  of  calcitonin  se- 
cretion in  sera  from  normal  rats. 

Methods  and  materials,  Male  Sprague- 
Dawley  rats  weighing  between  125  and  200 
g  were  utilized.  They  were  fasted  overnight 
and  blood  samples  were  obtained  by  orbital 
puncture  with  the  animals  under  light  ether 
anesthesia  for  determination  of  calcium  (4) 
and  calcitonin.  Thyroparathyroidectomized 
male  Sprague-Dawley  rats  (Hormone  As- 
say Laboratories,  Inc.)  weighing  between 
150  and  165  g  were  similarly  studied.  Sera 
from  these  animals  were  used  for  the  ra- 
dioimmunoassay. Calcium,  4  or  4.8  mg/100 
g  body  wt,  as  calcium  gluconate  was  given  as 
a  single  intraperitoneal  injection. 

Thyroid  glands  were  removed  with  the 
animals  under  ether  anesthesia.  The  glands 
were  freeze-dried  and  extracted  three  times 
with  1  ml  of  butanolracetic  acidrwater 
(75:7.5:21)  as  previously  described  (5).  The 
three  extracts  were  combined,  freeze-dried 
and  dissolved  in  1  ml  of  0.6%  acetic  acid 
with  1%  bovine  serum  albumin.  The  ex- 
tracts were  then  serially  diluted  in  the  buffer 
for  the  radioimmunoassay. 

Radioimmunoassay.  The  procedure  de- 
scribed by  Sizemore  et  al.  (2)  for  radioim- 


munoassay of  human  calcitonin  was  em- 
ployed with  antiserum  from  chicken  513 
(3).  This  was  kindly  supplied  by  Dr.  Glen 
Sizemore.  Serum  from  thyroparathyroidec- 
tomized rats  was  added  to  the  buffer  instead 
of  human  athyreotic  plasma  at  a  concentra- 
tion of  5%.  The  buffer  was  0.1  M 
tris(hydroxymethyl)aminomethane,  pH  7.8. 
with  kallikrein-trypsin  inhibitor  (Trasylol), 
500  klU/ml  (FBA  Pharmaceuticals,  Inc.). 
The  incubation  volume  was  0.5  ml  and  the 
final  concentration  of  antiserum  was 
1:30,000  dilution.  For  each  serum  sample, 
incubations  were  carried  out  without  antise- 
rum to  determine  **damage"  to  the  labeled 
hormone.  Fifty  microliters  of  serum  sam- 
ples were  used  for  the  assay  which  was  car- 
ried out  in  triplicate.  Human  synthetic  calci- 
tonin (Ciba-Geigy  Corp.)  was  labeled  with 
^**I  by  the  method  of  Tashjian  (6).  About 
15,000  cpm  of  '**I-labeled  calcitonin  per 
tube  was  incubated.  Bound  and  free 
[***I]calcitonin  were  separated  by  dextran- 
charcoal  (7).  The  sensitivity  of  the  assay  is  3 
pg  and  corresponds  to  a  lower  detection 
limit  of  60  pg/ml  in  serum.  The  coefflcient 
of  variation  within  assays  was  22.6%  and 
between  assays  was  32.6%.  The  same  assay 
was  used  when  the  effects  of  calcium  were 
examined  for  determination  of  basal  and 
stimulated  values. 

Correlation  coefficient  was  calculated 
with  a  9810A  Calculator  (Hewlett-Pack- 
ard). 

Results,  The  radioimmunoassay  curves 
with  human  calcitonin  standard  and  extracts 
from  thyroid  glands  of  two  rats  and  serum 
from  a  normal  rat  are  shown  in  Figs.  1 A  and 
IB,  respectively.  Based  on  these  results  the 
two  glands  were  estimated  to  contain  100 
and  250  ng  of  calcitonin,  respectively. 

Serum  calcitonin  was  not  detectable  in 
each  of  five  thyroparathyroidectomized  rats 
even  after  calcium  administration  had 
brought  the  serum  calcium  to  within  the 
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Immunoassay  curve  for  '^^I-Iabeled  human  calcitonin  with  antiserum  CK-513  against  synthetic  human 
.  Displacement  by  unlabeled  synthetic  human  calcitonin  and  by  two  thyroid  extracts  from  normal  rats 
)y  serum  from  a  normal  rat  (B)  are  shown. 


range  or  above  (Fig.  2).  In  contrast, 
ilcitonin  ranged  from  71  to  175  pg/ 
even  animals  and  serum  calcitonin 
reased  to  a  range  of  from  180  to  322 
>y  30  min  after  calcium  administra- 

this  study  serum  calcitonin  was  not 
i  in  one  normal  rat  either  before  or 
Icium  administration. 

serum  calcitonin  ranged  from  below 
Its  of  detection  (<60  pg/ml)  to  650 
^ean  serum  calcitonin  was  compara- 
lale  and  female  rats  both  in  the  basal 
d  after  calcium,  4.8  mg/100  g  body 
►le  I,  Fig.  3). 

'elationship  between  serum  calcium 
um  calcitonin  in  the  basal  state  and 
after  the  administration  of  calcium  is 
n  Fig.  3.  The  correlation  coefficient 

significant  in  the  fasting  basal  state 
.030,  p  >  0.1)  but  was  statistically 
tnt  when  values  30  min  after  calcium 
tration  were  included  (r  =  0.868,  p 

I). 

ssion.  The  results  of  the  present 
show  that  serum  calcitonin  changed 
hysiologically  predictable  manner, 
lin  was  not  detectable  in  sera  from 
rathyroidectomized  rats  regardless 
:her  the  rats  were  hypocalcemic  or 
:  they  had  been  given  calcium  and 
normal  or  high  serum  calcium  val- 
contrast,  increases  in  serum  calcium 


produced  by  intraperitoneal  administration 
of  the  ion  produced  increases  in  serum  calci- 
tonin in  each  of  the  normal  animals  in  which 
basal  levels  of  calcitonin  could  be  measured. 
Finally,  extracts  of  each  of  two  thyroid 
glands  from  rats  diluted  out  in  a  manner 
identical  to  that  of  the  human  calcitonin 
standard.  These  results  provide  strong  evi- 
dence for  the  validity  of  the  assay. 

Previous  studies  in  the  rat  have  indicated 
that  the  parafollicular  cells  are  apparently 
well  adapted  to  secrete  calcitonin  in  re- 
sponse to  acute  stimulation  (9).  Whereas 
chronic  hypercalcemia  leads  to  intrathyro- 
idal  depletion  of  the  hormone,  sustained 
hypocalcemia  produces  striking  increases  in 
the  thyrocalcitonin  content  in  the  thyroid. 
In  subjects  with  hypocalcemia,  marked  in- 
creases in  calcitonin  secretion  are  produced 
by  calcium  and  pentagastrin  (10).  Thus, 
with  hypocalcemia  there  is  increased  storage 
of  the  hormone.  These  studies  provide  evi- 
dence that  calcitonin  synthesis  and  secretion 
are  poorly  coordinated  (9).  We  believe  this 
lack  of  coordination  accounts  for  the  varia- 
tion in  serum  calcitonin  in  the  basal  state 
and  after  calcium  administration  found  in 
the  present  study  and  for  the  variation  in 
release  of  calcitonin  by  pork  thyroid  slices  in 
the  basal  state  and  in  response  to  a  variety 
of  stimuli  described  in  previous  studies  from 
our  laboratory  (11,  12).  It  also  may  be  the 
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MINUTB8 
Fig.  2.  The  effects  of  intraperiotneal  (ip)  injection  of  calcium  (Ca),  4  mg/100  g  body  wt,  on  serum  caldtooin 
and  serum  calcium  in  five  thyroparathyroidectomized  (TPTX)  and  in  eight  normal  male  rats. 


TABLE  I.  The  Effects  of  Calcium'  on  Serum  Calqum  and  Serum  Calcttonin  in  Normal  Male  and 

Female  Rats* 


N 

Serum               Calcium 
(mg/100  ml) 

P  value 

Serum 

Calcitonin 
(pg/ml) 

Sex 

Control 

30min 

Control 

30min 

Pvahic 

Male 
Female 

1 
8 

9.5  ±  0.1 
9.5  ±  0.1 

NS 

13.3  ±  0.7 
14.1  ±  0.8 

NS 

<0.001 
<0.001 

517  ±  30 
417  ±  30 

NS 

2,271  ±  311 
2,858  ±  175 

NS 

<0.001 
<0.001 

"  4.8  mg/100  g  body  wt  ip. 

*  Results  are  given  as  means  ±  SE. 

cause  for  the  difference  in  quantity  of  calci- 
tonin in  extracts  of  rat  thyroids  observed  in 
the  present  report  as  compared  to  previous 
studies  (1)  and  for  the  inability  of  Talmadge 
and  associates  (13)  to  detect  calcitonin  in 
peripheral  blood  of  normal  Holtzman  rats 
with  a  radioimmunoassay  for  rat  calcitonin 
which  has  a  lower  limit  of  detection  of  240 
pg/ml.  In  this  study,  values  as  high  as  600 
pg/ml  were  noted  during  feeding  when 
highly  purified  rat  calcitonin  was  used  as  a 
standard.  In  subsequent  studies,  Cooper  et 
aL  (14)  found  that  mean  serum  calcitonin 
was  increased  acutely  to  above  2,000  pg/ml 
after  calcium  was  administered  intrave- 
nously and  to  about  500  pg/ml  after  calcium 


was  administered  by  mouth  in  Holtzman 
rats.  Basal  levels  were  not  detected  (<120- 
240  pg/ml).  This  difference  in  basal  values 
as  compared  to  our  own  may  reflect  strain 
differences,  differences  in  the  radioimmu- 
noassay itself,  or  differences  in  physiological 
status  of  the  animals  at  the  time  of  study. 

Serum  calcitonin  has  previously  been 
measured  by  bioassay  in  a  system  which 
utilized  tissue  culture  of  long  bones  of  fetal 
rats  labeled  in  vivo  with  **Ca  (8).  It  was 
found  that  the  concentration  in  serum  from 
normal  rats  after  parathyroidectomy  was 
less  than  0.05  MRC  milliunit  per  milliliter 
(180  pg/ml).  Thirty  minutes  after  calcium 
administration,  values  as  high  as  1  to  2 
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Fig.  3.  Relationship  between  serum  calcitonin  and 
serum  calcium  in  normal  male  rats  given  either  no 
calcium  (-Ca)  or  calcium  (+Ca),  4.8  mg/100  g  body 
wt  30  min  previously.  The  correlation  coefficient  is 
significant  if  values  after  calcium  are  included  (r  = 
0.868, p  <  0.001)  and  is  not  significant  for  the  unstim- 
ulated values  (r  =  0.030,  p  >  0.1). 

MRC  milliunits  per  milliliter  (3600-7200 
pg/ml)  were  found.  These  latter  values  are 
higher  than  those  herein  reported  by  ra- 
dioimmunoassay. As  noted  already,  there  is 
evidence  that  calcitonin  is  stored  in  hypocal- 
cemic  states  (9)  and  an  exaggerated  increase 
in  serum  calcitonin  in  response  to  calcium 
challenge  has  been  reported  (10).  There- 
fore, the  high  values  obtained  by  bioassay  in 
the  study  just  cited  may  reflect  this  phenom- 
enon to  some  extent. 

Summary,  A  radioimmunoassay  for  se- 
rum calcitonin  in  the  rat  is  described.  Mate- 
rials for  assay  of  human  calcitonin  are  em- 
ployed. The  sensitivity  of  the  assay  is  3  pg 
and  corresponds  to  a  lower  limit  of  detec- 
tion of  60  pg/ml  for  peripheral  serum.  The 
normal  range  is  up  to  650  pg/ml  in  rats 


weighing  between  125  and  200  g.  Serum 
calcitonin  is  not  detectable  in  thyroparathy- 
roidectomized  animals.  It  increases  and  var- 
ies directly  with  the  serum  calcium  after 
intraperitoneal  administration  of  the  ion. 
Values  for  serum  calcitonin  in  male  and  fe- 
male rats  are  comparable  under  basal  condi- 
tions and  after  calcium.  The  radioimmu- 
noassay should  allow  the  further  characteri- 
zation of  calcitonin  secretion  in  response  to 
physiologic  and  pathophysiologic  stimuli  in 
this  species. 

These  studies  were  supported  by  research  funds 
from  the  Veterans  Administration.  The  technical  as- 
sistance of  Mr.  Jack  Kimble  and  Mrs.  Sarah  Larson  is 
gratefully  acknowledged. 
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Dystrophia  muscularis  is  a  primary  hered- 
itary myopathy  exhibited  by  the  inbred 
strain  of  mice  129/ReJ-dy.  This  disease, 
which  is  characterized  by  progressive  mus- 
cular weakness  and  atrophy  of  the  skeletal 
muscles  (1,  2),  resembles  muscular  dystro- 
phy in  human  beings  in  several  aspects  (3). 
Although  the  disease  has  been  the  subject  of 
much  investigation,  its  metabolic  basis  re- 
mains unknown. 

It  is  well  documented  that  dietary  sele- 
nium deficiency  can  produce  nutritional 
muscular  dystrophy  in  a  variety  of  species 
(4)  and  that  the  symptoms  are  similar  to 
those  seen  in  inherited  muscular  dystrophy. 
Recently  it  has  been  demonstrated  that  sele- 
nium functions  as  a  component  of  glutathi- 
one peroxidase  (glutathione:  hydrogen  per- 
oxide oxidoreductase,  EC  1.11.1.9)  (5,  6) 
and  that  the  activity  of  the  enzyme  de- 
creases markedly  in  response  to  dietary  sele- 
nium deficiency  (7).  Glutathione  peroxidase 
evidently  serves  to  protect  the  cell  from  lipid 
free  radical  damage  by  reducing  fatty  acid 
hydroperoxides  to  their  correspondng  hy- 
droxy acids.  It  also  functions  in  the  removal 
of  hydrogen  peroxide  generated  during  cel- 
lular metabolism  (8). 

In  view  of  the  important  role  of  selenium 
in  the  prevention  of  nutritional  muscular 
dystrophy  and  selenium's  function  as  a  part 
of  glutathione  peroxidase,  the  present  study 
was  conducted  to  determine  whether  inher- 
ited muscular  dystrophy  of  mice  is  associ- 
ated with  any  change  in  specific  activity, 
substrate  availability,  or  apparent  K^  value 
of  glutathione  peroxidase  in  the  muscle. 

*  Supported  in  part  by  funds  from  the  Illinois  Agri- 
cultural Experiment  Station. 

*  To  whom  reprint  requests  should  be  addressed: 
School  of  Human  Resources  and  Family  Studies,  451 
Bevier.  University  of  Illinois,  Urbana,  111.  61801. 

*  Present  address:  Department  of  Nutrition,  Univer- 
sity of  Guelph,  Guelph,  Ontario,  Canada  NIG  2  Wi . 


Materials  and  methods.  Female  dys- 
trophic mice  of  the  129/ReJ-dy  strain  and 
their  age-matched  normal  controls,  129/ 
ReJ,  were  obtained  from  Jackson  Laborato- 
ries'* and  maintained  with  stock  rodent  chow 
(Wayne  Lab  Blox).  Animals  were  sacrificed 
in  pairs  over  a  50-day  period  after  signs  of 
muscular  dystrophy  had  become  apparent. 
The  mice  were  anesthetized  with  ether  and  a 
blood  sample  was  obtained  by  heart  punc- 
ture. The  whole  animal  was  perfused  with 
saline  by  a  saline  drip  into  the  heart  in  order 
to  remove  blood  from  the  tissues.  Heart, 
liver,  lung,  and  skeletal  muscle  were  re- 
moved and  homogenized  in  2  ml  or  2  vol  of 
buffer  (0.01  A/  phosphate  buffer  containing 
0.135  M  KCl,  pH  7.0).  One  sample  of  skel- 
etal muscle  was  obtained  from  the  hind  legs 
and  a  second  sample  from  the  fore  legs.  The 
tissues  were  homogenized  for  5  sec  on  a 
Polytron  PT  10  homogenizer.  Homogenates 
were  centrifuged  at  48,00Qg  for  1  hr  and  the 
supemates  were  analyzed  for  glutathione 
peroxidase  activity.  Red  blood  cells  were 
washed  with  saline  and  hemolyzed  in  deion- 
ized  water  before  enzyme  assay.  Glutathi- 
one peroxidase  activity  was  determined  by 
the  method  of  Little  et  al.  (9).  Oxidation  of 
reduced  NADP  was  measured  spectropho- 
tometrically  at  340  nm  in  an  assay  medium 
containing  0.25  mAf  reduced  glutathione 
(GSH),  0.12  mAf  NADPH,  0.1  M  Tris-HO 
buffer  (pH  7.0),  3  mAf  EDTA,  0.2  mM 
cumene  hydroperoxide,  and  excess  glutathi- 
one reductase.  All  assays  were  carried  out  at 
25**.  These  conditions  resulted  in  minimum 
nonenzymatic  activity.  The  protein  content 
of  the  supernate  was  measured  by  the 
method  of  Lowry  et  al,  (10).  Glutathione 
peroxidase  activity  is  expressed  as  nano- 
moles  of  reduced  NADP  oxidized  per  min- 
ute per  milligram  of  protein. 


*  The  Jackson  Laboratory,  Bar  Harbor,  Me. 
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For  glutathione  analysis,  the  tissues  were 
homogenized  by  the  same  procedure,  and 
the  concentration  of  GSH  was  measured  by 
the  method  of  Mills  as  modified  by  Hafe- 
man  et  al.  (7). 

Results  and  Discussion,  The  dystrophic 
mice  weighed  significantly  less  (P  <  0.001) 
than  their  age-matched  controls  at  40  days 
of  age  but  showed  few  signs  of  dystrophy. 
During  the  ensuing  50  days,  all  dystrophic 
mice  developed  the  symptoms  of  dystrophy 
previously  described  for  this  strain  (1,3) 
including  kyphosis,  paralysis  of  hind  legs, 
periodic  backward  neck  extension,  denuded 
eyelids,  and  periocular  inflammation. 

Glutathione  peroxidase  was  measured 
over  a  period  of  7  weeks  to  determine 
whether  enzyme  activity  changed  as  the 
skeletal  muscles  exhibited  increasing  de- 
grees of  paralysis  (Figs.  1  and  2).  Enzyme 
activity  was  higher  in  skeletal  muscle  of  dys- 
trophic mice  than  in  that  of  normal  mice 
(Table  I).  This  increase  was  statistically  sig- 
nificant (P  <  0.05)  for  the  muscle  from  the 
fore  leg.  Omaye  and  Tappel  (11)  recently 
reported  that  glutathione  peroxidase  activ- 
ity is  increased  in  skeletal  muscle  of  the  hind 
quarters  of  dystrophic  mice  of  the  129/ReJ- 
dy  strain.  The  hind  legs  exhibit  signs  of 
muscular  weakness  and  paralysis  earlier 
than  the  fore  legs  in  this  strain.  It  is  of 
interest  that  in  the  present  study  the  in- 
crease in  enzyme  activity  was  not  confined 
to  skeletal  muscle  showing  severe  symptoms 
of  dystrophy  but  was  at  least  as  evident  in 
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Fig.  1.  Glutathione  peroxidase  activity  in  muscle 

from  the  hind  legs  of  normal  (• •)  and  dystrophic 

(O O)  mice.  Glutathione  peroxidase  activity  is  ex- 
pressed as  nanomoles  of  NADPH  oxidized  per  minute 
per  milligram  of  protein. 
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Fig.  2.  Glutathione  peroxidase  activity  in  muscle 

from  the  fore  legs  of  normal  (• •)  and  dystrophic 

(O O)  mice.  Glutathione  peroxidase  activity  is  ex- 
pressed as  nanomoles  of  NADPH  oxidized  per  minute 
per  milligram  of  protein. 

TABLE  I.  Glutathione  Peroxidase  Acnvmf 

Nanomoles  of  NADPH  oxidized/ 
min/mg  protein 


Tissue 


Normal 


Dystrophic 


Muscle  (hind) 
Muscle  (fore) 
Heart 
Lung 
Liver 


8.00  ±  1.04« 
9.03  ±  0.83 
18.48  ±  2.42 
100.63  ±11.18 
394.50  ±  70.0 


Red  blood  cell        34.24  ±  5.14 


10.56  ±  0.61 
14.77  ±  1.15* 
17.04  ±  1.13 
99.27  ±  8.36 
385.38  ±  66.70 
27.77  ±  3.15 


'  Mean  of  five  samples  ±  standard  error. 

*  Significantly  different  from  normals  (P  <  0.05). 

the  less  affected  muscles  of  the  fore  leg.  No 
differences  in  enzyme  activity  were  found  in 
heart  muscle  or  in  the  tissues  of  the  liver, 
lung,  or  red  blood  cells  (Table  I). 

Caution  must  be  exercised  in  interpreting 
changes  in  enzyme  specific  activity  based  on 
protein  concentration  in  dystrophic  tissues. 
It 'has  been  demonstrated  that  differences 
between  normal  and  dystrophic  muscle  in 
the  concentration  of  enzymes  and  other  con- 
stituents may  reflect  a  change  in  the  protein 
concentration  of  dystrophic  muscle  rather 
than  a  change  in  enzyme  activity  in  the  cells. 
The  protein  content  of  dystrophic  mouse 
muscle  may  be  only  25%  of  that  found  in 
normal  muscle  and  all  protein  constituents 
are  not  reduced  to  the  same  extent.  Many 
reported  differences  in  enzyme  activities  be- 
tween dystrophic  and  normal  muscle  can  be 
attributed  to  secondary  changes  in  muscle 
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biochemistry  which  can  be  mimicked  by  de- 
nervation of  normal  muscle  rather  than  to 
primary  changes  characterizing  dystrophic 
muscle  (12).  Whether  this  is  also  true  for 
glutathione  peroxidase  activity  cannot  be 
determined  from  the  present  or  previous 
(11)  studies.  These  studies  do  demonstrate, 
however,  that  muscular  dystrophy  in  the 
129/ReJ-dy  mouse  is  not  due  to  lack  of 
glutathione  peroxidase  actvity  in  skeletal 
muscle  or  other  tissues. 

Since  glutathione  peroxidase  is  highly 
specific  for  GSH  (13)  and  enzyme  activity 
increases  with  increasing  GSH  concentra- 
tion within  the  physiological  range,  levels  of 
GSH  were  compared  in  various  tissues  from 
normal  and  dystrophic  mice  (Table  II).  GSH 
concentration  was  greater  in  skeletal  muscle 
of  dystrophic  mice;  this  increase  was  statisti- 
cally significant  for  the  muscles  of  the  hind 
legs.  These  data  agree  with  previously  re- 
ported values  for  GSH  in  skeletal  muscle  of 
normal  and  dystrophic  mice  (14).  There 
were  no  differences  between  dystrophic  and 
normal  mice  in  GSH  concentration  in  the 
heart,  lungs,  or  liver. 

Previous  studies  on  glutathione  peroxi- 
dase have  shown  that  the  kinetic  behavior  of 
the  enzyme  is  not  readily  investigated  due  to 
the  extremely  low  apparent  K^  for  H2O2 
and  the  high  velocity  of  the  enzymatic  reac- 
tion itself  (9,  13).  In  addition,  the  apparent 
Kfn  for  the  hydroperoxide  increases  with  in- 
creasing GSH  concentrations.  Utilizing  the 
assay  conditions  previously  outlined  (with 
0.25  mM  GSH)  apparent  K„,  values  of  3.1 

TABLE  II.  Tissue  Glutathione  Concentration 

Milligrams  of  GSH  per  100  g  wet 
weight 


Tissue 

Normal 

Dystrophic 

Muscle  (Hind) 

22.8  ±    0.9« 

27.2  ±  1.6» 

(4)- 

(3) 

Muscle  (Fore) 

23.5  ±  2.3 

29.5  ±  1.7 

(4) 

(3) 

Heart 

36.8  ±  1.6 

36.9  ±  4.2 

(4) 

(3) 

Lung 

32.0  ±  3.4 

31.2  ±  1.1 

(4) 

(3) 

Liver 

190.2  ±  7.6 

198.2  ±  8.6 

(8) 

(7) 

«  Mean  ±  standard  error. 
•  Significantly  different  from  normals  (P  <  0.05). 
^  Entries  in  parentheses  represent  number  of  sam- 
ples analyzed. 


and  5.6  fiM  cumene  hydroperoxide  were 
obtained  for  normal  and  dystrophic  muscle, 
respectively.  Apparent  K^  values  for  liver 
enzyme  for  normal  and  dystrophic  mice 
were  16  and  19  fiM  cumene  hydroperoxide. 
These  values  are  valid  only  for  the  assay 
conditions  described,  but  they  serve  to  indi- 
cate that  there  were  no  detectable  differ- 
ences in  the  properties  of  glutathione  perox- 
idase from  normal  and  dystrophic  muscle. 
The  K^  values  for  the  muscle  enzyme  are 
similar  to  those  reported  for  glutathione 
peroxidase  isolated  from  pig  blood  (9). 

Summary,  The  present  studies  were  con- 
ducted to  determine  whether  inherited  mus- 
cular dystrophy  in  the  129/ReJ-dy  mouse 
was  associated  with  differences  in  specific  ac- 
tivity, substrate  availability,  or  apparent  /C. 
of  glutathione  peroxidase.  The  results  indi- 
cate that  glutathione  peroxidase  is  elevated 
in  skeletal  muscle  of  mice  with  genetic  mus- 
cular dystrophy  when  the  activity  is  ex- 
pressed on  a  protein  basis.  This  elevation 
precedes  the  development  of  severe  paraly- 
sis since  muscles  from  the  fore  legs  showed 
increased  enzyme  activity  as  early  as  the 
more  severely  affected  hind  legs.  There  was 
no  difference  in  glutathione  peroxidase  ac- 
tivity in  tissues  other  than  skeletal  muscle. 
GSH  concentration  was  elevated  in  muscle 
and  normal  in  other  tissues  of  dystrophic 
mice,  showing  that  adequate  substrate  was 
available  to  the  enzyme.  The  apparent  Km 
for  cumene  hydroperoxide  was  also  similar 
for  muscle  of  normal  and  dystrophic  mice. 
This  report  provides  further  evidence  that 
mice  with  dystrophia  muscularis  have  a 
functional  glutathione  peroxidase  system  in 
all  tissues  including  skeletal  muscle,  and 
that  a  defect  in  this  in  vivo  protective  system 
is  apparently  not  a  contributing  factor  in  the 
pathology  of  the  disease. 
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The  recent  development  of  the  immune 
adherence  (I A)  assay  (1-3)  for  antibody 
against  human  hepatitis  A  together  with  es- 
tablished assays  for  hepatitis  B  antigen  and 
antibody  have  made  the  conduct  of  seroepi- 
demiologic investigations  of  these  diseases 
possible.  Evidence  for  a  possible  third  agent 
other  than  type  A  or  B  and  causing  epi- 
demic hepatitis  in  man  has  been  presented 
(4).  This  report  summarizes  additional  re- 
sults of  seroepidemiologic  studies  of  hepati- 
tis in  human  subjects  in  Costa  Rica  and  in 
the  United  States. 

Materials  and  methods.  Human  sera.  The 
subjects  in  Costa  Rica  were  residents  of  a 
community  in  which  endemic  hepatitis  A 
and  B  occur  and  this  has  been  under  inten- 
sive epidemiologic  investigation  during  the 
past  8  years  (5,  6).  The  subjects  in  the 
United  States  were  persons  in  the  open 
community  (Table  I,  Pennsylvania,  high  so- 
cioeconomic) and  persons  from  selected 
populations  (Table  II),  including  plasma- 
pheresis donors  and  employees  or  residents 
of  institutions  for  the  mentally  retarded. 

Serologic  tests.  The  I A  test  for  hepatitis  A 
antibody  was  carried  out  as  previously  de- 
scribed by  us  (1),  following  the  procedure  of 
Mayumi  et  al.  (7)  as  used  for  assays  for 
hepatitis  B  antibody.  A  microtiter  proce- 
dure was  used,  and  each  component  was 
added  in  0.025-ml  vol.  CR326  strain  of  hep- 
atitis A  virus,  partially  purified  from  the 
livers  of  infected  Saguinus  mystax  (marmo- 
sets) served  as  antigen  (1);  2-4  units  were 
used  in  antibody  assays.  Complement  was 
serum  from  Hartley-strain  guinea  pigs  and 
was  used  at  1:50  to  1:100  dilution.  Comple- 

*  Supported  in  part  by  research  contract  (NIH- 
NHLI-72-2929-B)  from  the  National  Heart  and  Lung 
Institute,  National  Institutes  of  Health,  Bethesda,  Mar- 
yland with  the  Louisiana  State  University. 


ment  was  stored  at  -70*".  Human  sera  to  be 
assayed  for  antibody  were  heated  at  56**  for 
30  min  and  were  assayed  in  serial  twofold 
dilutions  starting  at  a  dilution  of  1:5.  The 
antigen-antibody  mixtures  were  incubated 
at  37*"  for  1  hr.  Complement  was  then  added 
with  thorough  mixing.  This  mixture  was  fur- 
ther incubated  at  iT  for  40  min.  Dithio- 
threitol  solution  (7)  was  then  added  to  all 
wells  with  thorough  mixing.  This  was  fol- 
lowed by  the  addition  of  suitable  human  O, 
Rh-negative  erythrocytes  (1%  suspension). 
This  was  thoroughly  mixed  and  set  for  3  hr 
at  room  temperature.  Antibody  titer  was 
read  as  the  highest  dilution  of  serum  (prior 
to  addition  of  other  reagents)  at  which  com- 
plete erythrocyte  agglutination  was  seen. 

Tests  for  hepatitis  B  antigen  and  antibody 
and  the  biochemical  tests  for  liver  function 
were  done  as  reported  earlier  (4).  All  sera 
were  stored  at  -20*"  until  assayed. 

Results.  Hepatitis  A  antibody  distribution. 
The  distribution  of  hepatitis  A  antibody, 
according  to  age,  among  persons  in  the  open 
population  in  the  United  States  and  Costa 
Rica  is  shown  in  Table  I.  The  Pennsylvania 
sera  were  from  persons  in  high  socioeco- 
nomic groups  in  the  Philadelphia  area  who 
had  been  subjects  in  investigations  of  im- 
mune response  to  various  vaccines  other 
than  hepatitis.  The  Costa  Rican  sera  were 
from  persons  in  the  open  community  who 
were  selected  at  random.  It  is  seen  that  none 
of  the  persons  in  Pennsylvania  who  were 
less  than  20  years  of  age  had  antibody 
against  hepatitis  A.  Ten  percent  of  the 
young  adult  group  (20-29  years)  had  anti- 
body, and  this  increased  to  approximately 
40-50%  in  persons  of  middle  age.  By  con- 
trast, 20%  of  persons  1  year  of  age  sampled 
in  Costa  Rica  had  hepatitis  A  antibody  and 
this  was  increased  to  roughly  45%  by  age  2 
to  3  years.  By  10  years  of  age,  90%  or  more 
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LE  I.  Age  Distribution  of  Hepatitis  A  lA 
mBODY  IN  Persons  in  Open  Populations, 
Pennsylvania  and  Costa  Rica 


Proportion 

seropositive 

Age 

Pennsyl 

vania 

Costa  Rica 

cars) 

(No.) 

(%) 

(No.)    (%) 

1 

0/18 

0 

4/20        20 

2 

0/17 

0 

10/20       50 

3 

0/16 

0 

8/20       40 

4-6 

0/22 

0 

38/60       63 

7-9 

0/16 

0 

48/60       80 

0-14 

0/18 

0 

19/20       95 

5-19 

0/20 

0 

19/20        95 

0-29 

2/20 

10 

18/20       90 

0-39 

6/21 

29 

18/20       90 

0-49 

10/17 

59 

18/20       90 

)0+ 

5/12 

42 

16/20       80 

lBLE  II.  Occurrence  of  Hepatitis  A  lA 
lntibody  among  Persons  from  Selected 
Populations  in  Pennsylvania 


Serostatus 

Posi- 

Posi- 

Age 

tive/to- 

tive 

Population 

(years) 

tal 

(%) 

'esidents  at  Ham- 

21-51 

9/10 

90 

State  School  and 

)ital 

yees  at  Laurelton 

19-63 

19/30 

63 

!  School  and  Hos- 

donors,    Phila- 

^18 

29/50 

58 

iia 

esidents  at  St.  Jo- 

1-8 

0/20 

0 

's  Home,  Scran- 

and     Hamburg 

1  School  and  Hos- 

persons  in  Costa  Rica  had  experience 
:he  hepatitis  A  virus. 
5  presence  or  absence  of  antibody 
g  persons  in  the  United  States  was 
5r  investigated  (Table  II)  in  subjects 
were  institutionalized,  who  were  ern- 
es of  institutions,  or  who  were  paid 
rs  of  plasma.  The  highest  rate  for  anti- 
presence  was  among  adult  residents  of 
lamburg  State  School  and  Hospital. 
t  employees  of  a  similar  institution  also 
sd  a  high  frequency  of  previous  experi- 
with  the  virus  as  did  donors.  None  of 
•ung  children  (1-8  years  of  age)  in  two 
itions  for  the  mentally  retarded  had 
xperience  with  this  agent. 
nily  epidemics  of  hepatitis,  Costa  Rica, 
:  III  presents  the  results  of  investiga- 


tions for  hepatitis  A  and  B  in  outbreaks  in 
seven  families  in  Costa  Rica.  Within  the 
time  periods  shown,  hepatitis  A  alone  oc- 
curred in  one  family  (033),  hepatitis  B  alone 
in  another  (039),  and  both  hepatitis  A  and 
B  occurred  in  the  five  other  families.  Hepa- 
titis A  never  occurred  in  persons  with  preex- 
isting hepatitis  A  antibody,  and  hepatitis  B 
did  not  occur  in  persons  who  had  preexisting 
antibody  against  hepatitis  B.  Once  intro- 
duced into  a  household,  both  hepatitis  A 
and  B  appeared  to  be  highly  contagious, 
usually  involving  one  to  several  susceptible 
members  of  the  family  within  a  period  of  a 
few  months.  Five  cases  of  hepatitis  occurred 
that  did  not  develop  antibody  against  hepa- 
titis A  or  B  virus  and  were  possibly  caused 
by  agent(s)  (hypothetical  hepatitis  C  virus) 
other  than  the  two  known  agents  (4). 

Table  IV  shows  that  the  illness  was  clini- 
cally apparent  in  roughly  half  of  the  hepati- 
tis A  and  B  cases.  The  diagnosis  in  subclini- 
cal illness  was  based  on  significant  eleva- 
tions in  transaminases  and  other  biochemi- 
cal determinations  as  well  as  antibody  sero- 
conversions. Four  of  the  five  cases  of  hepati- 
tis in  which  serological  evidence  for  hepati- 
tis A  and  B  was  lacking  showed  subclinical 
disease  and  the  fifth  had  anicteric  hepatitis. 

Table  V  shows  that  hepatitis  A  occurred 
in  persons  of  very  young  age  and  that  all  but 
one  of  the  25  cases  had  occurred  in  persons 
less  than  13  years  of  age  (median  age,  4 
years).  By  contrast,  hepatitis  B  occurred  in 
persons  of  a  wide  range  of  ages,  almost  half 
being  in  persons  13  years  or  older.  The 
cases  of  hepatitis  other  than  A  or  B  were 
distributed  throughout  the  age  spectrum. 
The  difference  in  age  distribution  for  hepati- 
tis antibody  in  the  families  and  the  general 
population  (Table  I)  was  likely  due  to  the 
fact  that  the  family  groups  in  whom  epidem- 
ics occurred  were  necessarily  selected  for  a 
high  proportion  of  initially  susceptible  per- 
sons. 

Discussion.  Hepatitis  A  shows  striking 
contrast  in  age  distribution  for  antibody  be- 
tween persons  in  the  open  population 
groups  that  were  studied  in  the  United 
States  and  in  Costa  Rica.  The  chance  for 
early  infection  of  hepatitis  A  is  high  in  Costa 
Rica  and  infection  may  occur  in  half  the 
population  by  2  years  of  age.  By  contrast, 
infection  of  half  the  population  of  high  f-^«*-« 
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TABLE  III.  Clinical  and  Laboratory  Findings  in  Family  Outbreaks  of  HEPATms  in  Costa  Rica 


Family 

PreexistinE  hep- 
atitis antibody 

A           B 

Onset  of  hepatitis 

Age  of 
No.      member 

A 

B 

Other 

Hepatitis 

033           8 

0 

0 

12/21/66 

— 

— 

Clinical 

8 

0 

0 

12/27/66 

— 

— 

Subclinical 

9 

0 

0 

1/5/67 

— 

— 

Subclinical 

4 

0 

0 

1/12/67 

_ 

_ 

Subclinical 

2 

0 

0 

1/12/67 

— 

— 

Qinical 

11 

0 

0 

2/1/67 

— 

— 

CUnical 

10 

0 

0 

2/7/67 

— 

— 

Subclinical 

1 

0 

0 

2/21/67 

- 

- 

Subclinical 

48 

+ 

0 

— 

— 

— 

— 

37 

+ 

0 

- 

- 

- 

- 

039          11 

+ 

0 

_ 

1/2/67 

_ 

Qinical 

10 

+ 

0 

— 

1/30/67 

— 

Qinical 

14 

+ 

0 

— 

2/3/67 

- 

Qinical 

36 

0 

0 

— 

5/28/67 

— 

Clinical 

3 

0 

0 

— 

7/5/67 

— 

Subclinical 

33 

+ 

0 

— 

/67-74 

— 

Subclinical* 

8 

0 

0 

- 

/67-74 

— 

Subclinical' 

9 

+ 

0 

— 

— 

— 

- 

6 

0 

0 

— 

- 

- 

- 

4 

0 

0 

— 

— 

— 

— 

3 

0 

0 

— 

- 

— 

- 

065            3 

0 

0 

3/27/67 

_ 

— 

Qinical 

5 

0 

0 

4/13/67 

- 

- 

Subclinical 

1 

0 

0 

4-5/67 

— 

— 

Subclinical* 

39 

+ 

0 

— 

6/8/67 

- 

Subclinical 

13 

+ 

0 

— 

6/8/67 

- 

Subclinical 

32 

+ 

0 

- 

- 

- 

- 

11 

+ 

+ 

— 

— 

— 

- 

9 

+ 

+ 

- 

- 

— 

- 

8 

+ 

+ 

- 

- 

— 

- 

236            9 

+ 

0 

_ 

2/17/68 

_ 

Qinical 

32 

+ 

0 

— 

4/1/69 

- 

Qinical 

4 

0 

0 

8/25/68 

— 

— 

Qinical 

3 

0 

0 

10/2/68 

- 

— 

Subclinical 

28 

+ 

0 

— 

— 

— 

— 

10 

+ 

0 

— 

— 

— 

— 

7 

+ 

0 

- 

- 

- 

— 

5 

+ 

0 

- 

- 

- 

- 

056            9 

+ 

0 

_ 

3/2/67 

_» 

Clinical 

4 

0 

0 

4/20/67 

— 

- 

Qinical 

5 

0 

0 

5/2/67 

— 

- 

Subclinical 

37 

0 

0 

/67-74 

— 

— 

Subdinical' 

2 

0 

0 

/67-74 

- 

- 

Subchnictr 

40 

+ 

0 

— 

— 

— 

— 

14 

+ 

0 

- 

- 

- 

- 

13 

+ 

0 

— 

— 

— 

— 

10 

+ 

0 

— 

- 

- 

— 

7 

+ 

+ 

- 

- 

- 

- 
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Family 

Preexisting  hep- 
atitis antibody 

Onset  of  hepatiti 

is 

Age  of 

No. 

member 

A 

B 

A 

B 

Other 

Hepatitis 

330 

9 

0 

0 

4/6/68 





Clinical 

7 

0 

0 

5/9/68 

— 

— 

Clinical 

12 

0 

0 

5/13/68 

— 

- 

Clinical 

6 

0 

0 

6/3/68 

— 

— 

Clinical 

2 

0 

0 

6/17/68 

— 

— 

Clinical 

6 

+ 

0 

— 

2/15/69 

- 

Subclinical 

36 

+ 

0 

— 

— 

4/16/68 

Subclinical 

16 

+ 

0 

— 

— 

4/16/68 

Subclinical 

12 

+ 

0 

— 

— 

4/16/68 

Clinical 

5 

0 

0 

- 

- 

5/14/68 

Subclinical 

008 

15 

+ 

0 

_ 

10/11/66 

_ 

Clinical 

7 

+ 

0 

— 

12/13/66 

— 

Subclinical 

6 

+ 

0 

— 

8/28/67 

— 

Subclinical 

2 

0 

+ 

8/20/67 

— 

— 

Clinical 

4 

0 

0 

8/25/67 

— 

— 

Clinical 

3 

0 

0 

8/28/67 

— 

— 

Subclinical 

2 

0 

+ 

— 

— 

11/15/66 

Subclinical 

34 

+ 

0 

— 

— 

— 

— 

29 

+ 

0 

— 

— 

— 

— 

No  illness  reported.  Assumed  to  be  subclinical.  Diagnosis  based  solely  on  seroconversions. 


TABLE  IV.  SEVEnmr  of  Illness  in  Hepahtis 
Cases  (Table  III) 

Hepatitis  type  (No.  per- 
sons) 


TABLE  V.  Distribution  According  to  Age  of 
Hepatths  Cases  (Table  III) 

Hepatitis  type  (No.  persons) 


Hepatitis 


Non  A, 
NonB 


Oinically  evident 
Subclinical 


13 
12 


oeconomic  level  in  the  United  States  does 
not  occur  until  middle  age.  It  may  well  be 
that  hepatitis  A  may  occur  at  a  younger  age 
in  low  socioeconomic  groups.  Adult  resi- 
dents of  institutions  in  the  United  States  and 
their  attendants  show  a  far  greater  incidence 
of  antibody  against  hepatitis  A  than  do  their 
counterparts  in  the  open  population.  Addi- 
tionally, paid  volunteer  donors  of  plasma  in 
the  United  States  (often  persons  of  relatively 
low  socioeconomic  standing)  also  show  a 
relatively  high  level  of  previous  experience 
with  the  agent.  Interestingly,  young  children 
sampled  in  two  institutions  in  Pennsylvania 
were  free  of  antibody  against  this  agent. 

The  presence  of  circulating  antibody 
against  hepatitis  A  or  B  appeared  to  afford 
immunity  against  their  homologous  agents 
in  studies  in  family  epidemics  in  Costa  Rica. 


Age 

Non  A, 

(years) 

A 

B 

NonB 

1-3 

9 

1 

1 

4-6 

7 

2 

1 

7-9 

5 

4 

0 

10-12 

3 

2 

1 

13-16 

0 

3 

1 

32-39 

1 

4 

1 

Total 

25 

16 

5 

Median  age 

4.0 

10.5 

12.0 

Hepatitis  A,  known  to  be  of  greater  epi- 
demic potential  than  hepatitis  B  (8),  oc- 
curred on  the  average  in  persons  at  a 
younger  age  than  did  hepatitis  B.  Once  in- 
troduced into  the  family,  hepatitis  B  and 
especially  hepatitis  A  viruses  appeared  to  be 
capable  of  substantial  spread  among  suscep- 
tible members  of  the  group.  The  disease 
tended  to  be  very  mild  (subclinical)  in 
roughly  half  the  subjects  and  clinically  ap- 
parent in  the  other  half,  whether  the  illness 
be  due  to  hepatitis  A  or  B.  Four  of  five 
patients  not  classified  as  A  or  B  exhibited 
subclinical  disease;  the  fifth  case  was  clinical 
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but  anicteric.  Of  these  five  patients,  three 
had  preexisting  hepatitis  A  antibody  and  a 
fourth  had  preexisting  hepatitis  B  antibody. 
None  developed  detectable  hepatitis  B  anti- 
genemia.  None  showed  a  boost  in  antibody 
titers  against  hepatitis  A  or  B  in  convales- 
cence. Additional  information  concerning 
these  five  cases  tentatively  classified  as  hep- 
atitis C  has  been  presented  in  Villarejos  et 
al.  (4),  cases  1  and  4-7. 

Summary.  Seroepidemiologic  studies 
were  made  of  normal  subjects  in  popula- 
tions in  the  United  States  and  Costa  Rica 
and  in  family  outbreaks  of  hepatitis  in  Costa 
Rica.  Hepatitis  A  affected  a  majority  of 
children  of  very  young  age  in  Costa  Rica, 
while  such  experience  in  persons  of  high 
socioeconomic  status  in  the  United  States 
did  not  occur  before  middle  life.  Persons  of 
low  socioeconomic  status  (paid  plasma  do- 
nors) and  residents  and  attendants  of  insti- 
tutions for  the  mentally  retarded  showed  a 
far  greater  incidence  of  hepatitis  A  antibody 
than  did  their  counterparts  in  the  open  com- 
munity. Hepatitis  A  and  B  epidemics  oc- 
curred in  families  in  Costa  Rica  with  rapid 
spread  to  other  susceptible  members  of  the 
group.  The  disease  was  clinically  apparent 
in  roughly  half  the  cases,  whether  the  re- 
sponsible agent  be  hepatitis  A  or  B.  Five 
cases  of  nonhepatitis  A  or  B  (hypothetical 


hepatitis  C)  were  found  and  all  but  one  of 
them  were  subclinical. 


The  authors  are  indebted  to  M.  A.  Chac6ii,  D. 
Jimenez  E.,  and  A.  Rivas  E.  and  to  P.  Giesa.  L. 
Hoover,  W.  P.  M.  Fisher,  and  M.  Johnston  for  valua- 
ble technical  assistance. 
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cardial  dysfunction  in  endotoxin  or 
shock  has  been  observed  in  several 
including  dog  (1,2)  and  man  (3,  4). 
ecise  mechanism  for  the  failure  has 
description  although  inadequate  cor- 
perfusion  has  been  implicated  as  a 
y  determinant  (5),  and  substrate  defi- 
has  been  suggested  or  implied  (6,7). 
ct  toxic  action  of  endotoxin  on  the 
dium  seems  to  have  been  excluded 
and  a  proposed  adverse  effect  of  a 
:ing  myocardial  depressant  factor  (8) 
:  been  confirmed  (2). 
)glycemia  has  been  documented  to 
n  a  significant  role  in  the  pathogen- 
mdotoxin  and  septic  shock  in  animals 
and  man  (9,  14).  Hypoinsulinemia 
n  reported  in  subhuman  primate  sep- 
ck  by  Cryer's  group  (15)  and  Hin- 
r  a/.  (16)  and  in  low  output  human 
hock  by  Clowes  era/.  (17).  Diabetic- 
icose  tolerance  responses  have  been 
lA  in  septic  shock  patients  by  Gump 
lers  (18). 

nt  reports  have  suggested  prominent 
f  glucose  and  insulin  in  improving 
output  in  shock  (6,  7,  17).  Weissler 
lers  (19)  have  suggested  that  the  ef- 
insulin  on  the  hypoxic  isolated  per- 
at  heart  is  to  increase  utilization  of 
.  Clowes  et  al.  (17)  suspected  that 
insulin  exerted  a  possible  direct  ben- 
action  on  the  myocardium  in  septic 
Hiatt  et  al.  (20)  found  that  massive 
of  insulin  (2400-7500  units)  pro- 
survival  in  dogs  for  30  hr  to  10  days 
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after  ligation  of  the  circumflex  branch  of  the 
left  coronary  artery,  whereas  nontreated 
control  dogs  died  within  16  min.  They  pro- 
posed that  insulin  infusion  suppressed  pre- 
mature ventricular  contractions,  ventricular 
tachycardia,  and  fibrillation  and  diminished 
myocardial  injury  and  ischemia  (20).  Our 
recent  work  documented  the  development 
of  severe  hypoglycemia  during  the  interme- 
diate stages  of  endotoxin  shock.  Animals 
becoming  markedly  hypoglycemic  (<35 
mg%)  died  in  shock,  whereas  those  receiv- 
ing intravenous  infusions  of  50%  glucose 
survived  (13). 

It  occurred  to  us  that  the  progressively 
developing  hypoglycemia  might  be  related 
to  the  precipitation  of  myocardial  dysfunc- 
tion in  endotoxin  shock.  The  purpose  of  the 
present  study  was  to  evaluate  this  possibility 
and  determine  the  relative  roles  of  glucose 
and  insulin  in  supporting  cardiac  function  in 
shock.  Results  from  this  study  suggest  that 
both  the  development  of  myocardial  dys- 
function following  endotoxin  insult  and  its 
subsequent  reversal  by  insulin  occur  inde- 
pendently from  changes  in  blood  glucose 
concentrations. 

Methods,  Description  of  isolated  heart 
preparations.  Experiments  were  carried  out 
on  15  isolated  working  canine  heart  prepa- 
rations exchanging  blood  with  intact  support 
animals,  as  previously  described  (1,  2).  The 
right  ventricle  was  bypassed  following  can- 
nula tion  of  the  pulmonary  artery,  and  coro- 
nary venous  return  was  obtained  from  a 
large-bore  cannula  introduced  into  the  right 
ventricle  (1,  2).  During  an  equilibrium  pe- 
riod, arterial  blood  from  the  support  animal 
was  supplied  to  the  test  heart,  with  lungs 
inflated,  and  the  preparation  was  stabilized 
at  a  mean  aortic  pressure  of  100  mm  Hg  and 
a  cardiac  output  of  76  ml/min/kg  (based  on 
the  weight  of  the  dog  supplying  the  isolated 
heart).  Coronary  venous  return  and  aortic 
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outflow  from  the  isolated  heart  were  col- 
lected separately,  measured  volume trically, 
and  returned  to  the  support  animal  (1,  2). 
Intraventricular  pressures,  including  left 
ventricular  end  diastolic  pressure  (LVEDP) 
were  monitored  via  pressure  transducers 
connected  to  a  plastic  cannula  penetrating 
the  apex  of  the  left  ventricle.  Mean  aortic 
pressure,  pulmonary  blood  flow,  and  blood 
temperature  were  maintained  constant. 
Cardiac  power  (grams-meters/second)  and 
maximum  positive  (+)  and  negative  (-)dP/ 
dt  (millimeters  of  Hg/second)  were  calcu- 
lated as  previously  reported  (1,  2).  Blood 
pressure  in  the  support  animal  and  various 
parameters  in  the  isolated  heart  were  con- 
tinuously monitored  on  a  Sanborn  recorder. 
Afterload  was  varied  periodically  in  order  to 
evaluate  myocardial  performance. 

Description  of  glucose  and  insulin  studies. 
Arterial  blood  glucose  was  determined  with 
a  Beckman  glucose  analyzer  possessing  an 
accuracy  of  ±3  mg%.  Insulin  (Iletin,  Eli 
Lilly  and  Company,  Indianapolis,  Ind.)  was 
either  infused  into  the  left  atrium  of  the 
isolated  heart  or  administered  to  the  sup- 
port animal  via  the  blood  reservoir.  Experi- 
ments were  divided  into  three  groups  of  five 
studies  each  and  were  composed  of  an  initial 
group  receiving  an  LDioo  of  Escherichia  coli 
endotoxin  (Difco,  Detroit).  Endotoxin  was 
administered  intravenously  to  the  support 
dog  and  simultaneously  to  the  isolated  heart 
(based  on  the  weight  of  the  animal  supply- 
ing the  heart)  via  the  pulmonary  artery.  Hy- 
pertonic glucose,  50%,  was  infused  in  some 
experiments  into  the  reservoir  receiving 
blood  from  the  isolated  heart,  at  rates  suffi- 
cient to  maintain  the  coronary  arterial  glu- 
cose concentration  constant.  A  second  se- 
ries was  conducted  in  which  endotoxin  was 
administered,  and,  following  demonstration 
of  myocardial  failure,  insulin  was  infused 
continuously  into  the  left  atrium  of  the  iso- 
lated heart  for  the  duration  of  the  study. 

A  final  group  of  experiments  was  per- 
formed to  determine  the  effects  of  insulin 
infusion  on  nonfailing  hearts  not  treated 
with  endotoxin.  Insulin  was  infused  into  the 
left  atrium  at  rates  sufficient  to  sustain  sig- 
nificantly improved  myocardial  perform- 
ance, as  indicated  by  decreased  LVEDP  and 
elevated  dP/dt  values.  In  approximately  1  hr 


following  steady-state  effects  of  insulin  on 
heart  performance,  insulin  infusion  was 
stopped,  the  support  dog  was  removed  from 
the  perfusion  system,  isolated  lungs  were 
ventilated  with  20%  O,  and  5%  CO,,  and 
the  heart  was  monitored  for  approximately 
1  hr.  Insulin  blood  values  in  the  isolated 
perfusion  system  were  determined  by  ra- 
dioimmunoassay (Phadebas  insulin  test. 
Pharmacia,  Uppsala,  Sweden). 

Statistics  were  carried  out  utilizing  a  Stu- 
dent*s/  test. 

Results,  Table  I  presents  results  from  five 
isolated  perfused  working  left  ventricles  ex- 
changing blood  with  intact  support  dogs. 
Following  establishment  of  baseline  heart 
performance  values,  an  LDioo  of  endotoxin 
was  administered  to  both  heart  and  dog, 
and  the  arterial  concentration  of  blood  glu- 
cose reaching  the  heart  was  maintained 
constant  by  infusion  of  50%  glucose  into  the 
venous  reservoir.  Amounts  of  glucose  in- 
fused varied  greatly;  however,  the  maxi- 
mum decrease  in  glucose  values  from  the 
control  in  all  experiments  did  not  exceed 
4%.  Results  from  individual  heart  studies 
shown  in  Table  I  demonstrate  myocardial 
failure  3-4  hr  postendotoxin:  LVEDP  rises 
significantly  in  each  heart,  and  in  heart  No. 
5,  afterload  could  not  be  elevated  above  50 
mm  Hg  without  induction  of  irreversible 
failure.  Power  values  diminished  from  con- 
trol in  all  instances  while  coronary  blood 
flows  were  elevated  in  most  hearts.  Changes 
in  positive  and  negative  dP/dt  and  heart  rate 
were  variable.  These  results  demonstrated 
that  myocardial  dysfunction  after  endotoxin 
may  occur  independently  of  arterial  blood 
glucose  concentrations,  hypoglycemia  being 
excluded,  therefore,  as  a  prerequisite  for 
failure.  The  degree  and  time  course  of  fail- 
ure seen  in  the  present  series  agrees  with 
previously  published  reports  (1,  2)  on  dogs 
subjected  to  endotoxin  shock  without  glu- 
cose administration. 

Table  II  illustrates  results  from  a  second 
series  of  five  hearts  receiving  endotoxin  as 
in  Table  I  but  additionally  infused  with  insu- 
lin following  the  first  significant  indication 
of  cardiac  dysfunction  as  verified  by  im- 
posed afterload  stresses.  The  average  time 
for  demonstration  of  dysfunction  was  3.4  hr 
postendotoxin  as  evidenced  by  significant 
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increases  in  LVEDP  and  depressions  in 
power  and  -dP/dt  at  100  or  125  mm  Hg 
afterloads.  Mean  glucose  values  declined, 
though  insignificantly,  during  the  postendo- 
toxin  period.  Insulin  administration  was 
found  to  exert  a  beneficial  action  on  my- 
ocardial performance:  Infusion,  which  con- 
tinued during  the  3-5-hr  period  after  endo- 
toxin, was  adjusted  on  the  basis  of  achieving 
end  diastolic  pressures  at  control  values  or 
lower.  Results  demonstrate  mean  decreases 
in  LVEDP  at  afterloads  of  both  100  and 
125  mm  Hg,  within  2  hr  of  infusion,  the 
most  marked  mean  reduction,  17.1  to  4.3 
mm  Hg,  occurring  by  the  fourth  hour  at  an 
afterload  of  125  mm  Hg.  Coronary  blood 
flow  was  increased  and  -^dP/dt  was  elevated 
at  100  mm  Hg  (p  <  0.025).  Changes  in 
power,  -dPjdty  and  heart  rate  were  insignif- 
icant in  comparison  with  control  values. 
Glucose  concentration  progressively  fell 
during  the  postendotoxin  course,  reaching 
values  of  43  and  33  mg%  {p  <  0.05)  at 
afterloads  of  100  and  125  mm  Hg,  respec- 
tively. These  results  demonstrated  reversal 
of  dysfunction  by  insulin  infusion  and  sus- 
tained improvement  of  myocardial  function 
during  subsequent  periods  of  hypoglycemia. 
Favorable  effects  of  insulin  were  observed 
following  its  termination  of  infusion.  Re- 
sults from  one  experiment  demonstrate  its 
duration  of  action:  Three  hours  following 
endotoxin  administration,  LVEDP  rose 
from  3.0  to  22.5  mm  Hg  at  an  afterload  of 
125  mm  Hg.  Approximately  80  U  of  insulin 
was  then  infused  during  a  period  of  1.5  hr, 
resulting  in  a  drop  of  LVEDP  to  3.5  mm 
Hg.  Insulin  infusion  was  then  terminated, 
and  50  min  later  LVEDP  remained  stabi- 
lized at  3.5  mm  Hg  at  an  afterload  of  125 
mm  Hg. 

The  effects  of  insuUn  infusion  on  isolated 
hearts  not  receiving  endotoxin  are  displayed 
in  Table  III.  The  first  period  of  heart  per- 
formance is  1-3  hr  following  onset  of  insulin 
administration,  when  the  support  dog  is  in 
the  perfusion  circuit  (as  in  the  previous  se- 
ries). The  second  and  third  periods  of  3-4  hr 
represent  the  periods  during  which  the  heart 
was  totally  separated  from  the  support  ani- 
mal so  that  there  was  no  source  of  blood- 
borne  agents.  Results  show  notable  de- 
creases in  LVEDP  at  100  and  150  mm  Hg 
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TABLE  II.  Effects  of  Insulin  on  Myocardul  Performance  in  Endotoxin  Shock* 


Postinsulin  (mean. 

Postendotoxin  (mean. 

Postinsulin  (mean,  4 

5  hr  postendo- 

Parameter 

Control 

3hr) 

hr  postendotoxin) 

toxin) 

Afterload,  100  mm  Hg 

LVEDP  (mm  Hg) 

4.9 

9.3  (p,  0.02) 

9.8 

3.5 

Power  (gm/sec) 

11.2 

10.6  (p.  0.01) 

10.4 

10.6 

Coronary  blood  flow* 

81 

99 

104  (p,  0.025) 

120  (p,  0.02) 

■^dP/dt  (mm  Hg/sec) 

2132 

2251 

2293 

3137  (p.  0.02) 

-dP/dt  (mm  Hg/sec) 

2716 

2028 

2363 

2771 

Heart  rate  (min) 

142 

151 

154 

152 

Glucose  (mg%) 

121 

99 

89 

43  (p,  0.001) 

Afterload,  125  mm  Hg 

LVEDP 

6.6 

17.1  (p,0.05) 

4.3  (p,  0.05) 

4.3 

Power 

13.9 

12.4 

14.2 

14.2 

Coronary  blood  flow* 

100 

117  (p,  0.05) 

124 

142 

-^dPIdt 

2725 

2230 

2572 

2997 

-dPIdt 

3302 

2018  (p,  0.05) 

2753 

2929 

Heart  rate 

146 

150 

146 

149 

Glucose 

118 

98 

70 

33  (p,  0.05) 

'  Data  from  five  isolated  canine  heart  preparations  maintained  at  constant  cardiac  output  and  afterloads  of  100 
mm  Hg  (performance  evaluated  at  125  mm  Hg).  Blood  is  exchanged  with  intact  animal.  Ranges  of  insulin  infused, 
70-5500  units.  Statistical  significance  compared  to  controls. 

*  Milliliters  per  minute  per  100  g,  left  ventricle. 

TABLE  III.  Effects  of  Insulin  on  Myocardial  Performance  in  the  Absence  of  Endotoxin* 


Postinsulin  (4.0 

Postinsulin  (1-3  hr) 

Postinsulin  (3.5  hr) 

hr)  (Heart  iso- 

(dog in  circuit  with 

(Heart  isolated,  dog 

lated,  dog  re- 
moved) 

Parameter 

Control 

heart) 

removed) 

Afterload,  100  mm  Hg 

LVEDP  (mm  Hg) 

2.7 

0.7  (p,  0.02) 

1.3  (p.  0.05) 

1.4  (p,  0.02) 

Power  (g  •  m/sec) 

9.3 

9.5 

9.4 

9.4 

Coronary  blood  flow* 

103 

118 

114 

114 

■\-dPldt  (mm  Hg/sec) 

2024 

3321  (p,  0.001) 

2970 

2636  (p,  0.02) 

-dPIdt  (mm  Hg/sec) 

2682 

3448  (p,  0.01) 

2983 

2855 

Heart  rate  (min) 

140 

154  (p,  0.05) 

111  (p.  0.01) 

104  (p,  0.001) 

Glucose  (mg%) 

127 

46  (p,  0.001) 

28  (p,  0.001) 

16  (p,  0.001) 

Insulin  infused  (units) 

7900 

100 

0 

Afterload,  150  mm  Hg 

LVEDP 

4.5 

1.4  (p.  0.02) 

2.1 

2.9 

Power 

14.0 

14.2  (p,  0.05) 

14.5 

14.6 

Coronary  blood  flow* 

166 

195 

168 

181 

S-dPldt 

2880 

4936  (p,  0.005) 

4113  (p,  0.025) 

3983  (p,  0.05) 

-dP/dt 

3466 

5020  (p,  0.02) 

3895 

4123  (p,  0.05) 

Heart  rate  (min) 

147 

161  (p,0.01) 

114  (p,  0.025) 

106  (p,  0.005) 

'^  Data  from  five  isolated  canine  heart  preparations,  receiving  infusions  of  insulin  without  endotoxin.  Statisticsl 
significances  compared  to  control  values. 

*  Milliliters  per  minute  per  100  g,  left  ventricle. 


afterloads  (p  <  0.05)  within  3  hr  after  onset 
of  insulin  administration.  Mean  ^-dPjdt  in- 
creased while  the  arterial  glucose  level  fell 
to  46  mg%  {p  <  0.001)  within  3  hr  of 
insulin  infusion  at  an  afterload  of  100  mm 
Hg.  During  the  same  period,  elevations  of 
power,  -\-dPldt,  and  -dP/dt  were  seen  at 
150  mm  Hg  (p  <  0.05).  Glucose  values  in 


arterial  blood  continued  to  fall  after  re- 
moval of  the  support  animal  from  the  heart 
perfusion  system,  reaching  concentrations 
of  28  mg%  at  3.5  hr  and  16  mg%  at  4.0  hr 
while  LVEDP,  power,  coronary  blood  flow, 
-^-dP/dt,  and  -dP/dt  remained  at  control 
values  or  were  improved  above  control  val- 
ues (-^dP/dt,  p  =  0.02,  at  100  mm  Hg 
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«d  and  -^dP/dt,  p  =  0.025,  and  -dP/ 
=  0.05,  at  150  mm  Hg  afterload). 
1  concentrations  in  the  reservoir  at  the 
F  each  experiment  were  in  excess  of 
U/ml.  These  observations  suggest  that 

1  infusion  exerts  a  profoundly  benefi- 
feet  on  myocardial  performance  which 
ained  for  long,  steady-state  periods 
:curs  in  spite  of  extreme  hypoglyce- 

ussion.  The  purpose  of  this  report 
)  determine  if  the  hypoglycemia  of 
)xin  shock  bore  a  causal  relationship 
elicitation  of  myocardial  dysfunction, 
us  work  in  this  laboratory  docu- 
d  progressively  developing  cardiac 
(1)  and  lethal  hypoglycemia  (13) 
:nciotoxin  in  the  dog.  It  seemed  rea- 
e  that  some  connection  might  exist 
tn  the  two  pathophysiological  phe- 
la.  Administration  of  hypertonic  glu- 
as  been  reported  to  eUcit  beneficial 
rdial  responses  and  elevations  of  car- 
Litput.  Baue  et  al,  (21)  and  Replogle 
:hers  (22)  administered  50%  glucose 
;s  in  shock  and  reported  increases  in 
z  output.  Beneficial  effects  of  glucose 
ically  ill  patients  have  been  reported 
idyck's  group  (6)  who  observed  in- 
s  in  cardiac  output  and  left  ventricular 
work  with  hypertonic  glucose.  These 
observations,  including  the  reported 
lycemia  in  canine  endotoxin  shock, 
rvival  benefits  of  infused  glucose  (9, 
endotoxin  shock,  and  recent  reports 
oglycemia  in  septic  shock  patients  (9, 
trongly  suggest  that  elevated  blood 
e  concentrations  should  augment  my- 
al  performance.  Results  from  the 
t  study,  however,  fail  to  confirm  this 
ility:  Severe  myocardial  dysfunction 
ed  at  all  levels  of  glucose  concentra- 
[5-125  mg%),  and  maintenance  of 

2  at  control  or  higher  levels  by  infu- 
as  without  benefit  to  the  myocardium. 

findings  suggest  that  the  reported 
cial  effects  of  infusion  of  hypertonic 
e  may  be  due  to  peripheral  rather 
lirect,  cardiac  actions.  The  observed 
se  in  cardiac  output  by  Replogle's 
(22)  and  maintenance  of  mean  arte- 
essure  in  dogs  shocked  with  endotoxin 
lay  be  due  to  augmented  venous  re- 


turn and  improved  metabolic  status  follow- 
ing hypertonic  glucose  infusion. 

Of  particular  interest  in  the  present  study 
were  the  significant  beneficial  cardiac  ef- 
fects of  insulin  in  both  failing  and  normal 
hearts.  Very  recently  Weisul's  group  (7) 
demonstrated  the  effectiveness  of  an  infu- 
sion of  glucose,  insulin,  and  potassium  in 
clinical  septic  shock.  They  confirmed  the 
presence  of  severe  myocardial  depression  in 
low  cardiac  output  septic  shock  and  al- 
though isoproterenol  improved  perform- 
ance it  did  not  correct  the  depression  of 
cardiac  function.  On  the  other  hand,  a  solu- 
tion of  glucose,  insulin,  and  potassium  dra- 
matically improved  performance  and  cor- 
rected myocardial  abnormalities  (7).  Weis- 
sler  et  al.  (19)  described  the  beneficial  ef- 
fects of  insulin  on  the  performance  of  the 
hypoxic  isolated  perfused  rat  heart  and  as- 
cribed its  benefit  to  the  increased  myocar- 
dial utilization  of  glucose.  Weisul  et  al,  (7) 
could  not  describe  the  mechanism  of  action 
of  the  solution  of  glucose,  potassium,  and 
insulin  in  their  septic  shock  patients  but  sug- 
gested that  it  was  linked  to  the  prevention  of 
both  loss  of  potassium  and  gain  of  sodium  in 
myocardial  tissue,  thus  supporting  the  trans- 
membrane action  potential  and  myocardial 
contractility.  Clowes  and  others  (17)  were 
also  unable  to  explain  the  mechanism  by 
which  cardiac  function  is  improved  by  glu- 
cose, potassium,  and  insulin  in  septic  shock 
but  suggested  that  glucose  transport  and  gly- 
colysis were  enhanced  and  that  the  cell 
membrane  potential  was  restored.  Results 
from  the  present  study  indicate  that  insulin 
infusion  alone  clearly  improves  myocardial 
performance  of  the  failing  heart  in  endo- 
toxin shock.  Further,  its  strong  inotropic 
influence  did  not  depend  on  existing  blood 
glucose  levels,  as  was  also  observed  in  nor- 
mal hearts  not  administered  endotoxin.  This 
observation  is  consistent  with  the  view  that 
insulin  possesses  a  direct  myocardial  action, 
since  normal  hearts,  which  would  not  be 
expected  to  possess  metabolic  defects  or  al- 
tered transmembrane  potentials,  responded 
in  a  fashion  similar  to  failing  hearts.  Of 
importance  is  the  observation  that  severe 
hypoinsulinemia  is  consistently  observed  in 
subhuman  septic  shock  (15,  16)  and  in  pa- 
tients with  low  output  septic  shock  (17). 


534 


EFFECT   OF   INSUUN    ON    MYOCARDIUM   IN   SHOCK 


Since  depressed  heart  function  has  been 
demonstrated  in  human  septic  shock  (3,4), 
the  beneficial  actions  of  infused  insulin  may 
be  due  in  part  to  its  important  influences  on 
myocardial  contractility.  Currently  con- 
ducted isolated  heart  studies  reveal  an  in- 
crease in  heart  rate  from  158  to  169  beats/ 
min  (p  <  0.005)  at  low  doses  of  glucagon 
infusion  (1  /xg/min),  and,  since  heart  rates 
were  unchanged  after  insulin  in  the  present 
study,  glucagon  as  an  impurity  in  the  insulin 
solution  does  not  appear  to  be  the  agent 
mediating  improvement  of  myocardial  per- 
formance. 

Summary.  Past  studies  reported  by  this 
laboratory  have  documented  myocardial 
dysfunction  and  progressively  developing 
hypoglycemia  in  canine  endotoxin  shock. 
The  purpose  of  the  present  study  was  to 
determine  the  effects  of  glucose  concentra- 
tions and  insulin  infusions  on  myocardial 
performance  following  endotoxin  adminis- 
tration. Experiments  were  carried  out  on 
isolated,  working  canine  left  ventricular 
heart  preparations  exchanging  blood  with 
intact  dogs.  Myocardial  function  was  evalu- 
ated following  endotoxin  and  correlated 
with  concentrations  of  glucose  and  effects  of 
insulin  infusion.  Cardiac  dysfunction  oc- 
curred within  2-4  hr  postendotoxin  and  the 
degree  of  malfunction  was  not  related  to 
arterial  blood  glucose  concentrations.  Main- 
taining blood  glucose  at  control,  preshock, 
levels  by  infusion  of  50%  glucose  did  not 
prevent  myocardial  dysfunction  as  evi- 
denced by  elevations  of  left  ventricular  end 
diastolic  pressure,  and  depressed  power.  In- 
fusions of  insulin  reversed  cardiac  failure 
and  maintained  normal  performance  in  spite 
of  wide  ranges  in  glucose  concentration  (5- 
120  mg%).  Findings  suggest  that  myocar- 
dial dysfunction  is  not  precipitated  or  en- 
hanced by  the  hypoglycemia  of  endotoxin 
shock.  The  beneficial  actions  of  infused  in- 
sulin on  cardiac  performance  appear  to  be 
elicited  on  the  basis  of  mechanisms  other 
than  myocardial  glucose  transport. 


Appreciation  is  expressed  to  Beverly  Beller  for  tech- 
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\  we  described  the  development  of 
nent  fixation  (CF)  test  for  the  hu- 
irus-like  (HRVL)  agent  of  infan- 
oenteritis,  using  as  antigen  an 
irticle-rich  stool  filtrate  (1).  Later 
ped  a  CF  test  for  the  serologically 
Nebraska  calf  diarrhea  vims 
using  concentrated  cell  culture- 
)DV  as  antigen  (2).  We  also  found 
CD V  could  be  used  as  a  substitute 
n  for  the  HRVL  agent  as  a  large 
1  of  individuals  infected  with  the 
gent  developed  serological  evi- 
infection  not  only  to  the  human 
to  the  cell  culture-propagated  calf 
veil  (2).  Although  the  NCDV  CF 
'as  not  quite  as  efficient  as  the 
F  antigen  for  detecting  infection 
[RVL  agent,  the  ready  availability 
jlture-grown  source  of  CF  antigen 
rtant  for  epidemiological  studies 
supply  of  the  HRVL  antigen  was 
cause  particle-rich  stools  suitable 
mtigen  were  found  only  infre- 
Ve  also  observed  that  the  HRVL 
;  related  by  CF  to  the  epizootic 
f  infant  mice  (EDIM)  virus  (1,2), 
1  agent  (SA)-11,  and  the  *'0"  (of- 
(2),  which  was  recovered  from 
^stinal  washings  of  sheep  and  cat- 


eport  we  describe:  (i)  the  develop- 
CF  test  for  the  SA-1 1  and  the  "O" 
the  antigenic  relationships  by  CF 
le  five  reovirus-like  agents  in 
^tail  since  antisera  to  the  SA-11 
O"  agent  are  now  available;  (iii) 
lich  demonstrate  that  the  SA-11, 
EDIM  viruses  can  also  be  used  as 
CF  antigens  for  the  HRVL  agent; 
tudies  which  reveal  that  the  '*0" 


agent,  which  grows  quite  readily  in  cell  cul- 
tures, is  significantly  more  efficient  than  the 
NCDV  as  a  substitute  CF  antigen  and 
should  therefore  be  used  preferentially 
when  the  HRVL  agent  is  not  available. 

Materials  and  Methods.  CF  antigens  for 
the  HRVL  agent  and  NCDV,  prepared  as 
previously  described  (1,2),  consisted  of  2% 
stool  filtrates  containing  the  HRVL  agent 
(D2,  D2A,  D3A,  DalA)  and  bovine  em- 
bryonic kidney  culture-grown  25  x  concen- 
trated NCDV,  respectively.  The  HRVL 
suspensions  had  a  titer  of  1-64  antigen  units 
in  tests  with  convalescent  human  sera. 
Three  NCDV  antigens  had  a  titer  of  1-8 
units  with  convalescent  NCDV  calf  sera; 
markedly  higher  titers  resulted  when  2  of 
the  3  antigens  were  also  tested  with  hyper- 
immune NCDV  guinea  pig  sera.  A  new  lot 
of  EDIM  CF  antigen  which  was  higher 
titered  (16-64  CF  antigen  units)  than  that 
previously  used  by  us  was  purchased  from 
Microbiological  Associates,  Inc.;  the  new 
lot  was  prepared  from  infected  suckling 
mouse  intestines  using  genetron  treatment 
and  centrifugation  procedures  (4).  A  CF 
test  for  the  EDIM  virus  has  been  described 
previously  (5).  The  HRVL  agent,  NCDV, 
and  EDIM  virus  antigens  were  used  un- 
diluted in  the  CF  tests  to  be  described. 
Antisera  for  these  three  agents  were  pre- 
pared or  obtained  as  previously  described 
(2).  The  SA-11  and  "O"  viruses  which  had 
previously  been  passaged  in  vervet  monkey 
kidney  (MK)  cell  cultures  and  an  additional 
six  times  in  primary  baboon  kidney  cell  cul- 
tures were  kindly  furnished  by  Dr.  H.  H. 
Malherbe  of  the  Southwest  Foundation  for 
Research  and  Education,  San  Antonio, 
Texas.  These  agents  were  further  passaged 
in  our  laboratory  in  primary  vervet  (African 
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green  monkey)  MK  cell  cultures  maintained 
with  equal  amounts  of  Eagle's  medium  2 
and  medium  199  with  glutamine  and  appro- 
priate antibiotics;  serum  was  not  used  in  the 
maintenance  medium,  and  cultures  were 
washed  once  prior  to  addition  of  mainte- 
nance medium  to  reduce  the  amount  of  re- 
sidual serum  from  the  growth  medium.  The 
**0"  and  SA-11  viruses  induced  easily  de- 
tectable, definite,  and  reproducible  cyto- 
pathic  effect  (CPE)  by  the  fourth  day  after 
inoculation.  The  SA-11  and  the  "O"  agent 
CF  antigens  used  in  this  study  were  pre- 
pared as  follows:  The  SA-11  and  the  "O" 
agent  were  passaged  in  vervet  MK  cell  cul- 
tures in  our  laboratory  a  total  of  six  and 
three  times,  respectively.  On  the  fourth  day 
after  inoculation,  when  CPE  was  observed 
over  most  of  the  cell  sheet,  the  cultures  were 
frozen.  Later  the  cultures  were  thawed  and 
^aken  on  a  Vortex  mixer,  and  fluid  and 
cells  were  harvested  and  used  undiluted  as 
CF  antigen.  The  SA-1 1  and  "O"  viruses  had 
infectivity  titers  of  10*  <>  and  10**  TCID50/ 
0.2  ml,  respectively.  In  tests  with  homolo- 
gous hyperimmune  animal  sera  the  SA-11 
and  *'0"  viruses  had  CF  antigen  titers  of  4- 
16  and  8-64  units,  respectively.  Antisera  to 
the  SA-1 1  and  the  "O"  agent  were  prepared 
as  follows:  The  SA-11  and  the  **0"  agent 
were  banded  on  a  CsCl  density  gradient. 
Based  on  the  knowledge  that  the  serologi- 
cally related  NCDV  and  HRVL  agent  had  a 
buoyant  density  in  CsCl  of  approximately 
1.35-1.37  g/cm^  (2,  6,  7),  we  combined 
fractions  with  a  density  of  1.371  and  1.352 
g/cm^  from  the  SA-1 1  gradient  and  fractions 
with  a  density  of  1.357  and  1.335  g/cm^ 
from  the  "O"  agent  gradient.  Each  com- 
bined fraction  was  mixed  with  an  equal  vol- 
ume of  Freund's  complete  adjuvant,  and  1 .0 
ml  was  inoculated  intramuscularly  into 
guinea  pigs.  About  4  weeks  later,  each  com- 
bined fraction  was  mixed  with  an  equal  vol- 
ume of  incomplete  Freund's  adjuvant  and 
1.0  ml  inoculated  intramuscularly  as  a 
booster.  The  following  control  preparations 
were  used  in  the  CF  tests  to  be  described  in 
Table  I:  2%  human  stool  filtrate,  negative 
for  the  HRVL  agent,  prepared  from  a  stool 
of  an  infant  hospitalized  with  a  respiratory 
tract  illness;  uninoculated  bovine  embryonic 
kidney  cell  cuhures  25  x  concentrated;  ge- 
ne tron- treated,  centrifuged  intestines  from 


uninoculated  suckling  mice;  and  uninocu- 
lated African  green  MK  cell  cultures. 

Results.  Antigenic  relationships  among  the 
HRVL  agent,  NCDV,  EDIM  virus,  SA-ll. 
and  **0"  agent.  By  CF  each  of  the  five 
reovirus-like  agents  reacted  with  its  homolo- 
gous hyperimmune  antiserum  to  a  titer 
which  was  similar,  or  in  some  instances 
identical,  to  that  observed  with  each  of  the 
heterologous  antisera  (Table  I).  In  addition, 
four  chUdren  who  had  shed  the  reovirus-like 
agent  and  who  had  previously  developed  a 
serological  response  to  the  HRVL  agent  and 
NCDV  not  only  again  developed  a  serore- 
sponse  to  these  two  viruses  but  also  re- 
sponded to  the  SA-11  and  "O"  viruses; 
also,  three  of  the  four  developed  serore- 
sponses  with  the  EDIM  antigen  (Table  1). 
Thus,  the  five  reovirus-like  agents  could  not 
be  differentiated  by  CF  studies  with  hyper- 
immune animal  or  convalescent  human 
sera.  However,  in  tests  with  paired  acute  or 
cord  and  convalescent  sera  from  two  calves 
which  developed  illness  following  challenge 
with  NCDV  (8),  the  NCDV  and  the  "0" 
agent  each  reacted  with  the  convalescent 
serum  of  one  of  the  calves  to  a  titer  of  1:32 
whereas  the  other  three  reovirus-like  agents 
failed  to  react  with  this  serum;  in  addition, 
the  NCDV  and  the  "O"  agent  each  reacted 
to  a  titer  of  1:16  and  the  EDIM  virus  to  a 
titer  of  1 :8  with  the  other  calfs  convalescent 
serum  whereas  the  HRVL  agent  and  SA-11 
again  failed  to  react.  Antibody  was  not  de- 
tected in  the  calves'  preillness  sera  by  any  of 
the  five  antigens  (<1:20  and  <1:8  in  such 
sera  from  the  first  and  second  calves,  re- 
spectively). 

Electron  micrographs  of  the  CF  antigens 
used  in  Table  I  for  the  HRVL  agent, 
NCDV,  EDIM  virus,  SA-11,  and  the  "O" 
agent  are  shown  in  Fig.  1 .  The  morphologic 
similarity  of  the  five  reovirus-like  CF  anti- 
gens is  striking  (6,  10-13). 

Serological  tests  with  the  five  reovirus-like 
agents  and  paired  acute  and  convalescent  hu- 
man sera.  Since  seroresponses  were  ob- 
served with  the  SA-11,  "O,"  and  EDIM 
viruses  in  tests  with  human  paired  sera,  we 
attempted  to  compare  the  efficiency  of  these 
agents  with  that  of  the  HRVL  agent  and  the 
NCDV  for  detecting  seroresponses  in  paired 
sera  from  infants  and  young  children  who 
had  developed  diarrhea  and  also  shed  the 
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TABLE  I.  Antigenic  Relationships  among  the  HRVL  Agent,  NCDV,  EDIM  Virus,  SA-11,  and  "O" 
Agent  with  Hyperimmune  Animal  and  Convalescent  Human  Sera  by  Complement  Fixation' 


1 

Reciprocal  of  serum  antibody  titer  to  indi- 
cated virus"  (source  of  serum) 

Reciprocal  of  child*s  acute/ 
convalescent  serum 

Source  of  CF 
Virus              antigen** ' 

HRVL 

(guinea 

pig) 

NCDV 

(guinea 
pig) 

EDIM 
(mice) 

SA-11 

(guinea 

pig) 

(guinea 
pig) 

Child  1  Child  2    Child  3 

Child  4 

HRVL  Stool  filtrate  (Dal  A) 
NCDV  BEK  cell  cultures 
EDIM  Intestines    of    suckling 

mice 
SA-11  African  green  monkey 

kidney  cell  cultures 
"O"      African  green  monkey 

kidney  cell  cultures 

640 

1280 

640 

1280 

1280 

1024 

2048 

512 

2048 

2048 

1280 

1280 

320 

2560 

640 

512 
2048 
1024 

2048 

2048 

2048 
8192 
4096 

8192 

4096 

<4/128   <4/64     <4/128 
<4/32     <4/16     <4/32 
<4/32     <4/<4    <4/32 

<4/32      <4/8       <4/16 

<4/32     <4/8       <4/32 

<4/128 

<4/32 

4/32 

<4/16 

<4/16 

"  All  results  in  table  obtained  in  same  test. 

*  Titer  of  each  antigen  (0.025  ml)  as  calculated  in  simultaneous  (straight  line)  titration  in  this  test:  HRVL 
agent,  2  units  (tested  with  two  of  the  convalescent  human  sera  shown);  NCDV,  1-2  units  (tested  with  two 
convalescent  NCDV  calf  sera);  EDIM  virus,  64  units;  SA-11,  16  units;  **0"  agent,  32  units.  EDIM,  SA-11,  and 
*'0**  viruses  tested  with  the  homologous  hyperimmune  animal  serum  shown.  In  a  subsequent  titration  which 
included  the  same  sera  plus  the  hyperimmune  animal  sera  for  the  HRVL  agent  and  NCDV  shown,  the  titers  of  the 
five  viruses  were  as  follows:  HRVL  agent,  2  units  with  convalescent  human  sera,  4  units  with  homologous 
hupcrimmune  animal  serum;  NCDV,  8  units  with  convalescent  calf  sera  and  64  units  with  hyperimmune  animal 
serum;  EDIM  virus,  64  units;  SA-11,  16  units;  and  *'0'*  agent,  32  units. 

**  Control  antigens  described  in  Materials  and  methods  were  employed  for  each  viral  antigen  and  tested  against 
each  serum.  Antibody  was  not  detected  in  tests  with  pre-  and  postimmunization  animal  sera;  in  tests  with  human 
paired  sera,  antibody  was  not  detected  with  control  calf,  control  murine,  and  control  simian  antigens,  while  with 
control  human  stool  filtrate  antigen,  antibody  (1:8-1:32)  was  detected  but  without  significant  seroresponses. 

'  Antibody  was  not  detected  in  any  of  the  preimmunization  sera  in  tests  with  all  five  reovirus-like  antigens. 


HRVL  agent.  As  seen  in  Table  II,  of  the  35 
patients  whose  paired  sera  were  studied,  26 
(74%)  developed  serological  evidence  of  in- 
fection with  the  HRVL  agent,  15  (43%) 
with  NCDV,  18  (51%)  with  EDIM  virus, 
20  (57%)  with  SA-11,  and  25  (71%)  with 
the  "O"  agent.  The  HRVL  agent  was  signif- 
icantly more  efiHcient  than  the  NCDV  (x^  = 
7.1,  p  <  0.01)  and  the  EDIM  virus  (x^  = 
3.9,  p  <  0.05)  but  not  significantly  more 
efficient  than  the  SA-1 1  and  **0"  viruses  for 
detecting  a  seroresponse.  The  NCDV  was 
significantly  less  efficient  than  the  "O" 
agent  (x^  =  5.8,  p  <  0.02)  but  not  signifi- 
cantly less  efficient  than  the  SA-11  and 
EDIM  viruses.  The  table  also  shows  that  31 
(89.6%)  of  the  35  patients  had  a  serore- 
sponse to  the  HRVL  and/or  '*0"  agents  and 
that  concordance  in  the  detection  of  the 
presence  or  absence  of  a  seroresponse  was 
found  in  24  (69%)  of  the  35  paired  sera 
tested  with  the  HRVL  and  *'0"  agents.  The 
geometric  mean  titers  achieved  in  convales- 
cent sera  of  seroresponders  was  significantly 
higher  (p  <  0.001,  r  test,  two  tail)  with  the 
HRVL  agent  than  with  any  of  the  other  four 
reovirus-like  agents  (Table  II). 


Relationship  of  SA-11,  "O,"  and  EDIM 
viruses  to  reovirus  types  I,  2,  and  3  and  20 
orbiviruses  by  CF  technique.  In  further  CF 
tests,  the  SA-11,  "O,"  and  EDIM  viruses 
did  not  react  with  a  1:4  dilution  of  a  polyva- 
lent reovirus  guinea  pig  antiserum  which 
reacted  to  a  1:32  dilution  with  reovirus 
types  1  and  2  and  to  a  1:64  dilution  with 
reovirus  type  3.  In  addition,  reovirus  types 
1,2,  and  3  did  not  react  by  the  CF  tech- 
nique with  1:8  dilutions  of  hyperimmune 
guinea  pig  sera  to  SA-1 1  and  **0"  viruses  or 
with  a  1:10  dilution  of  hyperimmune  sera 
from  mice  immunized  with  EDIM  virus. 
These  hyperimmune  sera  had  homologous 
titers  of  1:1024,  1:2048,  and  1:320  to  the 
SA-11,  "O,"  and  EDIM  viruses,  respec- 
tively. The  lack  of  a  relationship  of  the  SA- 
1 1  and  **0"  viruses  with  the  three  reovirus 
types,  and  the  EDIM  virus  with  reovirus 
type  3,  is  consistent  with  previous  studies  by 
other  techniques  (3,  14).  The  SA-11,  "O," 
and  EDIM  viruses  as  well  as  reovirus  types 
1,2,  and  3  did  not  react  with  polyvalent 
ascitic  fluids  from  immunized  mice  which 
contained  CF  antibody  to  20  orbiviruses 
previously  listed  (1,2).  -* 
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Fig  1 .  Reovirus-Iike  particles  observed  in  prepara- 
tions of  five  viruses  used  as  CF  antigens.  One  milliliter 
of  each  reovinis-like  CF  antigen  shown  in  Table  I  was 
centrifuged  for  1 .5  hr  at  17,000  rpm  and  prepared  and 
examined  by  electron  microscopy  by  methods  similar  to 
those  described  previously  (9).  A  =  HRVL  agent;  B  = 
NCDV;  C  =  EDIM  virus;  D  =  SA-11  virus;  E  =  "O" 
agent.  Preparation  of  antigens  described  in  Materials 


Discussion.  We  had  previously  shown 
that  the  cell  culture-grown  and  concentrated 
NCDV  could  be  utilized  as  a  substitute  GF 
antigen  for  detecting  infection  with  the 
HRVL  agent.  The  present  studies  demon- 
strate that  three  other  related  reovirus-like 
agents,  the  **0,"  SA-11,  and  EDIM  viruses 
may  also  be  used  as  substitute  CF  antigens. 
However,  the  "O"  agent  appears  to  be  the 
most  efficient  of  these  four  substitute  CF 
antigens  and,  thus,  it  should  be  used  prefer- 
entially when  the  HRVL  agent  is  not  availa- 
ble. The  '*0*'  agent  was  about  as  efficient  as 
the  HRVL  agent  and  significantly  more  effi- 
cient than  the  NCDV  for  detecting  serorc- 
sponses  in  patients  shedding  the  HRVL 
agent.  In  addition,  the  "O"  agent  had  an- 
other major  advantage  over  the  NCDV  as  a 
substitute  CF  antigen:  It  was  easier  to  pre- 
pare since  it  did  not  have  to  be  concentrated 
prior  to  use  as  CF  antigen;  unconcentrated 
cell  culture  harvests  contained  16-64  units 
of  CF  antigen.  The  availability  of  the  **0" 
agent  as  CF  antigen  should  enable  the  effi- 
cient serodiagnosis  of  disease  due  to  the 
HRVL  agent.  The  greatest  efficiency  of  de- 
tecting serological  evidence  of  infection  with 
the  HRVL  agent  was  achieved  when  sera 
were  tested  with  both  the  HRVL  and  '0" 
agents  as  31  (89%)  of  the  35  patients  devel- 
oped serological  responses  to  either  or  both 
antigens. 


and  methods.  The  bar  =100  nm  and  applies  to  A 
through  E. 


TABLE  II.  Number  of  Seroresponses  Detected  to  Five  Reovirus-like  Agents  by  CF  in  Paiked  Sera 
FROM  35  Diarrhea  Patients  Who  Shed  the  HRVL  Agent* 


Reciprocal  of  geo- 

Patients who 

►  developed  j 

1  seroresponse  when  results  of  CF 

metric  mean  titer 

Patients  who  de- 

tests with  indicated  pairs 

of  antigens 

were  combined  (No.) 

in  convalescent  se- 
rum of  serorespon- 

veloped  a  serores- 
ponse  to  indicated 

Antigen 

ders* 

antigen  (No.  (%)) 

HRVL 

NCDV 

EDIM 

SA-11 

"O" 

HRVL 

28.0 

26  (74%) 

— 

27 

28 

27 

31 

NCDV 

15.3 

15  (43%) 

27 

_ 

23 

20 

25 

EDIM 

10.5 

18  (51%) 

28 

23 

— 

24 

26 

SA-11 

12.1 

20  (57%) 

27 

20 

24 

— 

25 

-O' 

11.8 

25  (71%) 

31 

25 

26 

25 

- 

"  Fourfold  or  greater  rise  in  CF  antibody  titer  in  paired  sera. 

"  In  acute  phase  serum  of  seroresponders,  antibody  was  not  detected  (<1:4)  in  23  of  26  with  seroresponses  to 
HRVL  agent,  in  14  of  15  with  seroresponses  to  NCDV,  in  17  of  18  with  seroresponses  to  EDIM  virus,  in  any  of 
20  with  seroresponses  to  SA-1 1  virus,  and  in  24  of  25  with  seroresponses  to  the  "O"  agent.  With  one  exeq>tioo. 
the  maximum  titer  used  in  calculating  the  geometric  titer  (GMT)  was  1:32  even  though  some  convalescent  sen 
had  higher  titers;  1:32  was  used  since  all  convalescent  sera  of  seroresponders  were  titered  at  least  up  to  this 
dilution.  In  the  exception  (with  NCDV  antigen)  a  single  convalescent  serum  with  a  1:64  titer  was  included  since 
the  acute  serum  of  this  pair  had  a  1 : 1 6  titer  and  to  qualify  for  a  seroresponse  a  fourfold  or  greater  rise  in  antibody 
had  to  be  observed  (tabulating  this  serum  as  1:32  resulted  in  a  GMT  of  1:14.6). 
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The  finding  of  additional  substitute  CF 
antigens  for  the  HRVL  agent  may  also  have 
important  implications  in  the  immunopro- 
phylaxis  against  human  infantile  gastroen- 
teritis caused  by  the  HRVL  agent  (IS,  16). 
Thus,  efforts  to  find  suitable  strains  of  reovi- 
rus-like  agents  in  various  species  should  be 
pursued  as  it  may  be  possible  to  immunize 
against  the  human  disease  utilizing  an  ani- 
mal reovirus-like  strain  if  one  of  these 
strains  proves  able  to  infect  man  without 
causing  illness.  Of  course,  attempts  to  find 
naturally  occurring  attenuated  strains  of  the 
human  agent  or  to  develop  such  attenuated 
strains  should  be  pursued  as  well  as  attempts 
to  develop  inactivated  vaccines  once  the 
HRVL  agent  is  grown  efficiently  in  culture 
(17-20).  Further  studies  will  determine  the 
course  which  should  be  pursued  for  immu- 
noprophylaxis  of  this  disease. 

Summary.  The  human  reovirus-like 
(HRVL)  agent,  Nebraska  calf  diarrhea  virus 
(NCDV),  epizootic  diarrhea  of  infant  mice 
(EDIM)  virus,  simian  agent  (SA)-11,  and 
the  "O"  (offal)  agent  were  found  to  be  simi- 
lar, if  not  identical,  in  reciprocal  comple- 
ment fixation  (CF)  tests  employing  hyper- 
immune animal  sera.  In  addition,  in  CF  tests 
with  paired  sera  from  35  diarrhea  patients 
who  shed  the  HRVL  agent,  74%  developed 
serologic  evidence  of  infection  with  the 
HRVL  antigen,  43%  with  NCDV,  51% 
with  EDIM  virus,  57%  with  SA-11,  and 
71%  with  the  **0"  agent.  Thus,  in  addition 
to  the  NCDV,  which  had  previously  been 
described  as  a  suitable  substitute  CF  antigen 
for  the  HRVL  agent,  the  SA-11,  **0,"  and 
EDIM  viruses  may  also  be  utilized  as  substi- 
tute antigens  for  the  HRVL  agent.  How- 
ever, the  "O"  agent  appears  to  be  the  most 
efficient  of  the  four  substitute  CF  antigens 
and  thus  should  be  used  preferentially  when 
the  HRVL  agent  is  not  available.  The  "O" 
agent  was  about  as  efficient  as  the  HRVL 
agent  and  significantly  more  efficient  than 
the  NCDV  for  detecting  seroresponses.  The 
greatest  efficiency  for  detecting  infection 
with  the  HRVL  agent  resulted  when  sera 
were  tested  with  both  the  HRVL  and  "O'' 
agents  as  31  (89%)  of  the  patients  devel- 
oped serologic  evidence  of  infection  with 
one  or  both  antigens.  The  finding  of  addi- 
tional substitute  CF  antigens  for  the  HRVL 
agent  may  have  implications  in  the  immuno- 


prophylaxis  against  human  disease. 
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Plasma  Glucagon  after  Total  Resection  of  the  Pancreas  in  Man  (39435) 
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Although  it  has  been  reported  that  in 
dogs  plasma  glucagon  not  only  does  not  dis- 
appear after  pancreatectomy  (1-3)  but  may 
actually  increase  if  the  animals  receive  no 
insulin  treatment  (4,  S),  little  is  known 
about  similar  changes  in  man  (6).  Recently, 
we  carried  out  serial  measurements  of 
plasma  pancreatic  glucagon  and  of  gluca- 
gon-like  immunoreactive  materials  during 
and  after  total  resection  of  the  pancreas  in  a 
patient  with  chronic  calcified  pancreatitis. 
The  response  of  plasma  pancreatic  glucagon 
to  arginine  infusion  was  also  examined. 

Case  report.  Our  patient  was  a  62-year- 
old  man  who  did  not  drink  alcoholic  bever- 
ages and  who  underwent  total  resection  of 
the  pancreas,  the  duodenum,  and  the  distal 
half  of  the  stomach  on  July  1 ,  1974.  Recon- 
struction of  the  alimentary  tract  was  done  as 
shown  in  Fig.  1.  Severe  pain  and  intermit- 
tent fever  with  leukocytosis  had  been  pres- 
ent over  a  5-year  period.  Conservative 
treatment  had  been  ineffective  and  the  pa- 
tient had  lost  weight  due  to  anorexia  caused 
by  frequent  attacks  of  pain.  Analgesic  injec- 
tions had  been  given  three  to  five  times  daily 
for  several  months  prior  to  surgery.  Insulin 
administration  had  been  discontinued  fol- 
lowing a  decrease  in  blood  glucose  with  loss 
of  appetite  and  poor  dietary  intake.  At  the 
time  of  operation  the  patient  weighed  40  kg. 

The  operative  procedure  was  uneventful. 
The  resected  pancreas  weighed  40  g  and  was 
completely  calcified  with  multiple  cystic  for- 
mations in  the  ducts.  Histological  examina- 
tion revealed  fairly  well  preserved  islets  of 
Langerhans  and  markedly  reduced  acinar 
tissue. 

Just  before  the  final  phase  of  pancreatec- 
tomy, infusion  of  regular  insulin  and  glucose 
was  started.  The  infusion  of  insulin  was  re- 
placed by  multiple  subcutaneous  injections 
of  regular  insulin  from  the  4th  postoperative 
day  on.  The  postoperative  course  of  this 


patient  has  been  uneventful  up  to  the  time 
of  this  writing,  16  months  after  the  surgery. 
The  preoperative  complaints  have  disap- 
peared and  he  has  gained  3  kg. 

Serial  measurements  of  pancreatic  gluca- 
gon and  of  glucagon-like  immunoreactive 
materials  were  made  during  and  after  the 
operation  until  the  10th  postoperative  day. 

Sampling.  Peripheral  venous  blood  was 
collected  into  heparinized  syringes,  plasma 
was  separated  immediately  and  stored  at 
-20*"  until  ths  time  of  assay.  Aprotinin^ 
(1000  klU/ml)  was  added  to  the  plasma 
before  refrigeration. 

Assays.  Plasma  levels  of  glucagon  (IRG) 
were  measured  by  a  single  antibody  ra- 
dioimmunoassay (7)  using  an  antiserum 
(AGS  30K),  prepared  in  the  laboratory  of 
Dr.  Roger  Unger,  Dallas,  and  found  to  be 
specific  for  pancreatic  glucagon  (8,  9). 
"True  glucagon"  (PG)  values  were  cor- 
rected according  to  Weir's  method  (10),  ex- 
cept that  cellulose  powder  was  used  for  the 
preparation  of  glucagon-free  plasma  (9). 
The  assay  system  for  PG  in  this  study  is 
capable  of  detecting  changes  of  25  pg/ml 
with  95%  confidence.  Fasting  plasma  levels 
of  IRG  and  PG  in  healthy  subjects  were  223 
±  154  pg/ml  (mean  ±  1  SD,  n  =  14)  and  37 
±  23  pg/ml  (mean  ±  1  SD,n  =  14),  respec- 
tively (9). 

Plasma  levels  of  glucagon-like  immuno- 
reactive materials  (GLI)  were  also  mea- 
sured by  a  single  antibody  radioimmunoas- 
say using  AGS  10,  prepared  in  the  labora- 
tory of  Dr.  P.  P.  Foi  and  kindly  provided  by 
Drs.  K.  Shima  and  T.  Sugase.  This  antise- 
rum cross-reacts  with  crude  GLI  prepared 
from  the  mucosa  of  the  small  intestine  (11). 

Results.  As  shown  in  Fig.  2,  plasma  IRG 
decreased  progressively  up  to  the  end  of  the 
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Fig.  1 .  Diagram  of  the  operative  procedure  for  total  resection  of  the  pancreas. 
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Fig.  2.  Changes  in  plasma  levels  of  glucose,  nonesterified  fatty  acids  (NEFA),  insulin  (IRI),  glucagon  (IRG), 
ue  glucagon*'  (PG),  and  glucagon-like  immunoreactive  materials  (GLI)  during  and  after  total  resection  of  the 
icreas. 
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operation  and  became  undetectable  until 
the  first  postoperative  day.  Plasma  PG  also 
decreased  after  the  start  of  the  operation 
and  became  undetectable  within  30  min  fol- 
lowing the  resection  of  the  entire  pancreas. 
On  the  first  postoperative  day,  about  18  hr 
after  total  pancreatectomy,  PG  was  again 
detectable  in  the  blood  and  fluctuated  con- 
siderably until  the  ninth  postoperative  day 
when  it  disappeared  again. 

Plasma  levels  of  GLI  gradually  decreased 
after  the  start  of  the  operation  and  during 
the  second  postoperative  day,  increasing  ab- 
ruptly thereafter,  and  remaining  elevated 
until  the  ninth  postoperative  day.  This  ab- 
rupt increment  of  GLI  coincided  with  the 
resumption  of  peristalsis  after  surgery. 

As  shown  in  Fig.  3,  plasma  IRG  levels  did 
not  change  in  the  blood  following  arginine 
infusion,  even  though  the  expected  rise  in 
growth  hormone  level  was  noted.  PG  did 
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Fig.  3.  Response  of  plasma  glucose,  nonesterified 
fatty  acids  (NEFA).  glucagon  (IRG),  "true  glucagon" 
(PG),  and  growth  hormone  (HGH)  to  arginine  infusion 
during  the  fourteenth  postoperative  week.  This  exami- 
nation was  carried  out  after  an  overnight  fast  and  1 8  hr 
following  the  last  injection  of  insulin.  All  values  of 
"true  glucagon"  during  the  test  were  within  the  limits 
observed  in  the  patient's  plasma  after  adsorption  on 
cellulose  powder  ("glucagon- free  plasma"). 


not  appear  in  the  blood  during  the  infusion. 

Discussion.  During  surgery,  independent 
observers  confirmed  that  the  pancreas  had 
indeed  been  wholly  resected  and  that  acces- 
sory or  ectopic  pancreatic  tissue  could  not 
be  found  in  the  abdomen.  Thus,  given  a 
half-life  of  glucagon  of  about  4  min  (12) 
there  should  have  been  no  detectable  PG  in 
the  blood  of  this  patient  after  surgery.  Nev- 
ertheless, variable  amounts  of  PG  were 
found  between  the  first  and  ninth  postoper- 
ative day.  Since  the  fluctuation  of  PG  did 
not  parallel  those  of  GLI  and  since  AGS 
30K  cross-reacts  minimally  with  GLI,  the 
results  strongly  suggest  that  the  immuno- 
reactive  material  detected  in  the  plasma 
after  total  pancreatectomy  in  this  patient 
was  not  GLI.  Similar  findings  have  been 
reported  in  dogs  (2,  3).  Furthermore,  in 
depancreatized  dogs,  the  plasma  level  of  PG 
increased  with  the  withdrawal  of  insulin  and 
was  restored  to  almost  normal  values  fol- 
lowing the  resumption  of  insulin  treatment 
(4,  5).  In  our  patient,  plasma  levels  of  glu- 
cose and  nonesterified  fatty  acids  (NEFA) 
were  satisfactorily  controlled  by  insulin,  and 
ketone  bodies  were  not  detectable  in  the 
urine.  Perhaps  because  of  this,  the  maxi- 
mum level  of  immunoreactive  glucagon 
after  total  pancreatectomy  was  only  twice 
the  postoperative  fasting  level.  On  the  other 
hand,  plasma  insulin  (IRI)  was  not  measura- 
ble except  for  the  period  when  large  doses 
of  regular  insulin  were  given  shortly  after 
pancreatectomy. 

From  the  tenth  postoperative  day  on,  PG 
was  not  detectable  in  the  blood  of  this  pa- 
tient and,  during  the  fourteenth  postopera- 
tive week,  none  appeared  following  arginine 
infusion.  During  the  infusion,  plasma  glu- 
cose and  NEFA  decreased,  probably  due  to 
the  absence  of  glucagon.  This  lack  of  gluca- 
gon response  is  compatible  with  the  obser- 
vations of  other  investigators  (6)  and  with 
our  findings  in  another  depancreatized  pa- 
tient. This  68-year-old  male  was  admitted  to 
the  hospital,  complaining  of  general  weak- 
ness, 11  weeks  after  total  resection  of  the 
pancreas  for  carcinoma.  On  admission  (25 
hr  following  the  last  injection  of  NPN  insu- 
lin), the  blood  sugar  level  was  334  mg/100 
ml,  glucose  (++)  and  ketone  bodies  (++) 
were  detected  in  the  urine.  No  detectable 
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amounts  of  IRG  and  PG  appeared  in  the 
plasma  during  arginine  infusion.  Thus,  in 
depancreatized  humans,  ketosis  does  not 
appear  to  require  the  presence  of  measura- 
ble amounts  of  plasma  glucagon.  These  ob- 
servations on  the  absence  of  plasma  gluca- 
gon response  to  arginine  in  patients  after 
total  pancreatectomy  are  compatible  with 
the  results  obtained  in  well-insulinized  de- 
pancreatized dogs  (6),  although  not  in  un- 
treated depancreatized  animals  (1,2,13). 

Several  possibilities  may  be  considered  to 
explain  our  findings:  (i)  release  of  PG  from 
extrapancreatic  tissue,  (ii)  appearance  of 
unknown  substances  which  cross-react  with 
AGS  specific  for  pancreatic  glucagon,  (iii) 
production  of  unknown  metabolites  which 
influence  the  radioimmunoassay.  The  most 
probable  explanation  appears  to  be  the  first 
one,  since  there  is  evidence  that  a  pancreatic 
glucagon-like  substance  may  be  found  in  the 
mucosa  of  the  gastric  fundus  and  the  duo- 
denum (14),  in  the  kidney  (15,  16),  and  in 
the  submaxillary  gland  (16-18).  Indeed,  the 
proximal  half  of  the  stomach  was  preserved 
in  our  patient.  The  facts  that  no  plasma  PG 
was  detectable  after  the  tenth  postoperative 
day  and  that  arginine  infusion  could  not 
evoke  a  response  may  be  due  to  insulin 
treatment,  a  procedure  known  to  suppress 
glucagon  secretion  (5).  It  can  be  also  specu- 
lated that,  due  to  low  levels  of  PG  in  the 
portal  blood,  insufficient  amounts  of  this 
hormone  may  have  escaped  the  liver  to  be 
detectable  in  the  posthepatic  blood. 

The  data  described  in  this  paper  suggest 
that,  also  in  man,  "true''  glucagon  origi- 
nates in  organs  other  than  the  pancreas. 

Summary,  Serial  measurements  of  plasma 
"true  glucagon"  (PG)  and  of  glucagon-like 
immunoreactive  materials  (GLI)  were  car- 
ried out  during  and  after  total  resection  of 
the  pancreas  in  a  62-year-old  man  with  cal- 
cified pancreatitis.  The  postoperative  course 
of  this  patient  was  uneventful  and  diabetes 
was  well  controlled.  PG  disappeared  from 
the  blood  within  30  min  after  resection  of 
the  pancreas.  In  spite  of  the  evidence  that 
no  pancreatic  tissue  was  present  in  the  abdo- 
men, PG  was  detected  again  in  the  blood 


from  18  hr  after  total  pancreatectomy  until 
the  ninth  postoperative  day.  However, 
plasma  PG  did  not  rise  following  infusion  of 
arginine  during  the  fourteenth  postopera- 
tive week.  After  an  initial  decrease,  plasma 
GLI  rose  abruptly  on  the  second  postopera- 
tive day  and  remained  elevated  thereafter. 
The  fluctuations  of  plasma  PG  and  GLI 
were  not  parallel. 
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The  adult  murine  spleen  is  composed  pre- 
dominantly of  lymphoid  cells  with  some 
macrophages  and  granulocytic  elements  also 
present.  Although  the  spleen  accounts  for 
only  a  small  fraction  of  the  blood  cell  pro- 
duction of  the  adult  animal,  it  is  an  impor- 
tant hematopoietic  organ  containing  both 
pluripotent  stem  cells  (CFXJ-S)  and  commit- 
ted granulopoietic  progenitors  capable  of 
colony  formation  in  soft-gel  culture  (CFXJ- 
C)  (1-3).  The  concentration  of  CFXJ-C  in 
the  normal  spleen  is  low  relative  to  that  in 
the  bone  marrow,  and  unlike  the  bone  mar- 
row CFXJ-C  many  splenic  granulopoietic 
progenitors  appear  to  be  resting  and  not  in 
active  cycle  (2,4).  Under  conditions  of  in- 
creased demand  for  blood  cells,  the  spleen 
of  the  adult,  like  that  of  the  fetus,  can  be- 
come an  actively  hematopoietic  organ.  Al- 
though erythropoietin  is  clearly  important  in 
initiating  splenic  erythropoiesis,  the  signals 
for  activation  of  splenic  leukopoiesis  are  not 
clearly  defined.  In  order  to  examine  the 
characteristics  of  splenic  granulopoiesis,  we 
studied  the  generation  of  CFU-C  and  of 
mature  granulocytes  and  mononuclear 
phagocytes  in  suspension  cultures  of  spleen 
cells  induced  by  colony-stimulating  activity 
(CSA).  In  this  system,  CSA  stimulation  re- 
sulted in  a  marked  proliferation  of  CFU-C 
and  differentiation  of  granulopoietic  pro- 
genitor cells. 

Materials  and  methods.  Young  adult  fe- 
male DBA-2  mice  (21-25  g)  were  used  for 
all  experiments.  The  spleen  was  removed 
aseptically  and  a  single-cell  suspension  pre- 
pared by  first  mincing  the  tissue  in  culture 
medium,  and  then  passing  it  through  pro- 
gressively smaller-bore  needles  until  the 
cells  passed  easily  through  a  No.  25  needle. 
Cell  viability  was  greater  than  99%  as  deter- 
mined by  trypan  blue  exclusion  (0.4%  dye 
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over  4  min).  McCoy's  5 A  medium  contain- 
ing 15%  fetal  calf  serum  and  antibiotics  was 
used  throughout  (5,6). 

Pregnant  mouse  uterus  extract  (PMU) 
was  used  as  the  source  of  colony-stimulating 
activity  (CSA).  The  extract  was  prepared  as 
described  by  Bradley  et  al,  (7)  and  added  to 
cultures  at  a  concentration  of  100  /il/ml. 
This  concentration  was  previously  shown  to 
yield  maximal  colony  formation  in  agar  cul- 
tures of  mouse  bone  marrow  and  spleen 
cells. 

Spleen  cells  were  cultured  in  liquid  sus- 
pension with  the  Marbrook  in  vitro  diffusion 
system  previously  described  (6,8).  Cultures 
were  initiated  with  3  x  10«  spleen  cells  in  1 
ml  of  medium  with  or  without  the  addition 
of  0.1  ml  of  PMU. 

The  suspension  cultures  were  terminated 
at  intervals  up  to  14  days  for  total  viable  cell 
counts  (hemacytometer),  and  200-cell  dif- 
ferential counts  were  performed  on  Giemsa- 
stained  cytocentrifuge  preparations.  Cul- 
tures were  pulsed  with  1  /LtCi  of  tritiated 
thymidine  (PH]TdR)  (sp  act,  2  Ci/mmole) 
60  min  before  harvest  and  autoradiographs 
prepared  as  previously  described  (6).  A  cell 
was  considered  labeled  if  its  nucleus  con- 
tained five  or  more  grains  above  back- 
ground. Labeling  indices  were  expressed  as 
the  percentage  of  cells  taking  up  the  tracer 
and  total  labeled  cells  in  culture  calculated 
from  the  viable  cell  counts.  At  each  period 
of  harvest,  a  portion  of  the  cultured  cells 
was  transferred  to  agar  culture  in  order  to 
assay  the  number  of  CFU-C  present.  Occa- 
sionally, there  was  spontaneous  blastic 
transformation  of  lymphocytes  in  vitro. 
These  cultures  were  discarded. 

Agar  cultures  were  prepared  by  the 
method  of  Pike  and  Robinson  (5,  9).  One- 
tenth  milliliter  of  PMU  was  incorporated 
into  an  underlayer  of  0.5%  agar,  and  the 
cultured  spleen  cells  were  dispersed  in  a 
0.3%  agar  overlayer.  The  number  of  cells 
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was  adjusted  so  that  the  number  of 
s  per  plate  ranged  between  30  and 
uplicate  agar  cultures  were  incubated 
midified  environment  of  7.5%  CO2  in 
colonies  containing  50  cells  or  more 
rated  after  7-10  days  of  culture.  The 
umber  of  CFU-C  per  liquid  culture 
Iculated  by  multiplying  the  plating 
icy  in  agar  by  the  total  viable  cell 

Its,  The  pattern  of  viable  cell  counts 
id  culture  is  shown  in  Fig.  1.  There 
apid  fall  in  cell  numbers  until  Day  4, 
I  control  cultures  and  in  those  con- 
CSA.  Thereafter,  cell  numbers  in- 
1  prominently  in  cultures  to  which 
ad  been  added,  reaching  a  peak  (four 
ontrol)  at  9  to  10  days  and  remaining 
itially  elevated  above  controls  after  2 
In  vitro .  The  increase  in  cell  numbers 


1-3        9-4        S-4       7-8       f-IO      IMS      11-1 S 
DAYS  IN  CUlTUlf 

1.  Viable  cell  counts  in  liquid  cultures  of 
;lls.  Data  represent  means  and  standard  errors 
experiments. 


observed  in  CSA-stimulated  cultures  was 
due  to  cellular  proliferation  as  reflected  by 
PH]TdR  labeling  studies  (Table  I).  Prior  to 
culture,  there  was  only  modest  cellular 
DNA  synthetic  activity  as  indicated  by  the 
mean  labeling  index  of  2%.  In  CSA-stimu- 
lated cultures  the  labeling  index  rose  to  a 
mean  high  of  47%  at  5-6  days  and  total 
labeled  cells  increased  by  approximately  10- 
fold  after  1  week  of  culture.  Control  unstim- 
ulated cultures  showed  considerably  less  in- 
crease in  total  labeled  cells. 

Differential  cell  counts  revealed  an  in- 
crease in  immature  cells  in  CSA-stimulated 
cultures  at  5-7  days,  followed  by  the  ap- 
pearance of  mature  granulocytes  and  mac- 
rophages (Table  II).  At  Day  5,  about  two- 
thirds  of  the  cells  were  undifferentiated 
blast  cells  (Fig.  2).  These  cells  subsequently 
differentiated  appropriately  to  morphologi- 
cally normal  mature  granulocytes  and  mac- 
rophages (Fig.  3).  The  mature  cells  were 
phagocytic  for  heat-killed  Candida  albicans 
and  demonstrated  cytochemical  reactions 
typical  of  granulocytes  and  macrophages 
(10). 

Data  on  the  generation  of  CFU-C  are 
given  in  Table  III.  Unstimulated  cuhures 
showed  a  modest  increase  in  CFU-C  with 
time.  In  CSA-stimulated  cultures  there  was 
a  mean  70-fold  increase  in  granulopoietic 
progenitors  capable  of  colony  formation  in 
agar.  The  rise  in  numbers  of  CFU-C  pre- 
ceded the  appearance  of  morphologically 
identifiable  blast  cells  which  in  turn  pre- 
ceded the  increase  in  mature  leukocytes 
(Fig.  4).  The  peak  of  the  CFU-C  curve 
roughly  paralleled  that  of  blast  cell  num- 
bers. The  increase  in  labeling  index  coin- 
cided with  the  increase  in  blast  cells  and 
CFU-C  (Table  I,  Fig.  4). 


kBLE  I.  ['HJThymidine  Labeling  in  Liquid  Cultures  of  Spleen  Cells  (Seven  Experiments) 


With  CSA 

} 

Without  CSA 

Mean  labeling 

in-       Total  cells  labeled  (x 

Mean  labeling 

in- 

Total  cells  labeled  (x 

culture 

dex  (%) 

10-»  ±  SE) 

dex  (%) 

10-»  ±  SE) 

0 

2 

60  ±  1 

2 

60  ±  1 

1-2 

5 

50  ±4 

3 

20  ±6 

3-4 

30 

120  ±  22 

9 

27  ±  9 

5-6 

47 

300  ±  34 

18 

58  ±  14 

7-8 

25 

650  ±  78 

19 

152  ±  24 

9-10 

10 

290  ±  106 

4 

28  ±7 

1-12 

5 

111  ±21 

4 

36  ±20 

3-16 

3 

42  ±  11 

3 

9  ±3 

546 


SPLENIC    GRANULOPOIESIS    IN    VITRO 


TABLE  II.  Total  Differential  Cell  Counts  x   10"'  ±  SE  (Seven  Expeuments) 


Mature  granulo- 

Days in  culture 

CSA 

Immature  cells 

cytes 

Macrophages 

Lymphoid  cells 

0 

120 

120 

60 

2700 

5 

+ 

448  ±  63 

64  ±9 

38  ±  5 

90  -  13 

- 

156  ±  41 

14  ±  4 

27  ±  7 

143  ±  38 

7-8 

+ 

884  ±  136 

854  ±  116 

702  ±  108 

160  ±45 

- 

304  ±  133 

264  ±  99 

152  ±  57 

80  ±35 

9-10 

+ 

510  ±  63 

930  ±  114 

1410  ±  174 

150  ±  19 

- 

91  ±  39 

238  ±  102 

322  ±  138 

49  ±21 

11-12 

+ 

88  ±  8 

770  ±  84 

1298  ±  142 

44  ±  5 

- 

9  ±  9 

216  ±  120 

648  ±  360 

27  ±  15 

13-15 

+ 

120  ±  48 

435  ±  174 

945  ±  180 

0 

- 

0 

26  ±  8 

303  ±  92 

0 

Fig.  2.  Immature  cells  in  culture  at  Day  5  (Giemsa  stain). 


Discussion.  The  adult  spleen  is  generally 
regarded  as  predominantly  a  lymphoid  or- 
gan composed  of  cells  involved  in  immune 
reactions  and  as  a  reticuloendothelial  organ 
whose  mononuclear  phagocytes  are  in- 
volved in  the  trapping  and  destruction  of 
microorganisms  and  senescent  blood  cells. 
The  spleen  is  also  an  important  reservoir  of 
hematopoietic  activity.  The  hematopoietic 
potential  of  the  spleen  is  usually  expressed 
in  fetal  and  perinatal  life  (1,  2)  and  during 
times  of  increased  need  for  blood  cells 
(hemorrhage  or  infection).  In  -the  adult 
mouse,  the  spleen  contains  pluripotent  stem 
cells  (CFU-S)  (1,  3)  as  well  as  committed 


progenitors  of  erythroid  cells  (11)  and  gran- 
ulocytes and  monocytes.  Committed  granu- 
lopoietic stem  cells  are  present  in  relatively 
low  numbers  and  appear  to  be  resting  rather 
than  in  the  proliferative  cell  cycle  (2).  In 
contrast,  bone  marrow  contains  a  heteroge- 
neous population  of  granulocytic  precursors 
with  concatenated  proliferative  and  matura- 
tional  activity. 

The  present  studies  demonstrate  that 
splenic  granulocytic  and  mononuclear  phag- 
ocyte precursors  can  be  induced  by  CSA  in 
vitro  to  enter  the  active  proliferative  cycle, 
to  generate  additional  committed  stem  cells 
(CFU-C),  and  to  mature  to  nonproliferating 
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Fig.  3.  Mature  granulocytes  and  macrophages  predominate  in  culture  at  Day  10  (Giemsa  stain). 


TABLE  III.  CFU-C  in  Liquid  Cultuies  of  Normal 
Spleen  Cells  (Five  Experiments) 


lOOo 


Time 

(days) 

+CSA 

-CSA 

0 

63  ±  13 

63  ±  13 

1-2 

166  ±  32 

70  ±  10 

3-4 

1272  ±  495 

63  ±  2 

5-6 

3797  ±  1286 

229  ±  68 

7-10 

4564  ±  707 

913  ±  118 

11-12 

258  ±  117 

197  ±  72 

end  cells.  Cultures  not  containing  CSA 
showed  little  proliferative  activity  and  poor 
maintenance  of  cell  viability.  Under  the  in- 
fluence of  CSA,  there  was  a  rapid  genera- 
tion of  CFU-C  which  resulted  in  a  mean  70- 
fold  increase  over  the  number  present  at  the 
initiation  of  culture.  This  increase  in  CFU-C 
was  associated  with  a  rise  in  [^H]TdR  label- 
ing index  from  2  to  47%  after  5-6  days  in 
vitro.  Subsequently,  viable  cell  counts  in- 
creased and  the  labeling  index  fell  with  the 
appearance  of  mature  granulocytes  and 
macrophages.  The  very  high  labeling  indices 
at  Day  5  suggest  that  all  or  nearly  all  the 
proliferating  cells  are  in  cycle,  representing 
a  growth  fraction  near  unity. 

Various   substances   and   environmental 
factors  are  known  to  stimulate  DNA  synthe- 


Z3 


4  •  10 

DAYS  IN  CULTUIE 

Fig.  4.  Pattern  of  generation  of  CFU-C,  immature 
cells  (I)  and  mature  (M)  granulocytes  and  macrophages 
in  CSA-stimulated  cultures. 

sis  in  the  pluripotent  stem  cell  (12,  13), 
and  endotoxin  specifically  has  been  shown 
to  cause  a  prominent  increase  in  the  number 
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of  such  cells  in  the  mouse  spleen  (14).  The 
present  observations  are  consistent  with  the 
hypothesis  that  CSA  can  be  a  physiologic 
inducer  of  committed  granulopoietic  stem 
cell  proliferation  in  the  spleen. 

The  orderly  and  uniform  pattern  of  CFU- 
C  generation,  appearance  of  blast  cells,  and 
increased  [^H]TdR  labeling  index  suggest 
that  there  is  a  synchronization  of  sequential 
proliferative  and  maturational  activity.  The 
liquid  spleen  cell  culture  system  may  thus 
provide  a  relatively  simple  means  for  study- 
ing the  phenomena  associated  with  stem  cell 
activation  and  differentiation  in  vitro . 

Summary,  Murine  spleen  cells  were  cul- 
tured in  vitro  to  study  the  induction  of  com- 
mitted granulopoietic  stem  cell  (CFXJ-C) 
proliferation  and  maturation.  Marbrook- 
type  diffusion  cultures  were  established  with 
and  without  the  addition  of  colony-stimulat- 
ing activity  (CSA)  and  harvested  at  intervals 
tip  to  14  days  for  viable  and  differential  cell 
counts,  [^H]TdR  autoradiography,  and 
quantitation  of  CFXJ-C  by  the  agar  plate 
method.  Without  CSA  there  was  poor  cell 
viability  and  little  proliferative  capacity.  In 
CSA-stimulated  cultures  there  was  a  promi- 
nent rise  in  viable  cell  counts  and  [^H]TdR 
labeling  indices  rose  from  a  mean  of  2%  at  0 
time  to  47%  after  5  days  in  vitro.  CFXJ-C 
increased  by  70-fold  in  these  cultures.  Peak 
numbers  of  CFU-C,  immature  cells,  and 
[^H]TdR-labeled  cells  occurred  at  about  7 
days.  Thereafter,  mature  granulocytes  and 
macrophages  predominated  in  culture.  Be- 
cause the  liquid  spleen  cell  culture  system 
begins  in  a  resting  state  and  undergoes  a 


wave  of  proliferative  activity  in  response  to 
CSA,  it  can  provide  a  useful  model  system 
for  studying  phenomena  associated  with 
stem  cell  activation  and  differentiation  in 
vitro . 

The  authors  thank  Ann  Sullivan  for  technical  assist- 
ance. 
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Leucogenenol,  originally  isolated  from 
the  metabolic  products  of  Penicillium  gil- 
manii  (1),  and  demonstrated  to  be  2-(l,2- 
dihydroxy-3-methyl-5-oxocyclohexyl)-3 ,1 1- 
dihydroxy- 1 1  -(hydroxymethy  l)-9-methy  1- 1  - 
oxa-5-azaspiro  [5.5]  undeca-2,4-dien-7-one 
(2,3)  is  normally  present  and  was  isolated  in 
concentrations  of  approximately  5  mg/kg 
(dry  weight)  from  liver  (4),  thyroid,  thymus, 
and  gonads  (5),  and  in  concentrations  of 
0.06  mg/kg  (human)  to  0.6  mg/kg  (bovine) 
from  blood  serum  (6)  where  it  is  associated 
with  a  carrier  protein  (7). 

Although  leucogenenol  has  no  significant 
effect  on  the  rate  of  replication  of  or  up- 
take of  tritiated  thymidine  by  lymphoblas- 
toid  cells  in  tissue  culture,  it  does  affect  their 
oxygen  uptake  and  carbon  dioxide  evolution 
and  thus,  their  respiratory  quotient  (8-10). 
Under  well-defined  conditions,  an  optimum 
quantity  of  leucogenenol  (1.9  x  10"'*  /ig/ 
approx  10*  cells)  causes  an  easily  measura- 
ble change  in  respiratory  quotient  (A/?Q) 
of  L5178Y  cells  of  from  1 .0  to  1 .7.  Greater 
or  lesser  than  optimum  quantities  of  leuco- 
genenol have  a  significantly  less  effect  on 
the  A/?G  (10)  and  the  A/?G  is  related  to  the 
log  of  the  reciprocal  of  the  quantity  of  leu- 
cogenenol added  to  the  medium  by  a  gaussian 
type  mathematical  function.  The  latter  ob- 
servation made  possible  the  development  of 
an  assay  (6)  in  which  the  quantitative  isola- 
tion of  leucogenenol  from  a  known  volume 
of  serum  is  carried  to  a  stage  where  no 
compounds  are  present  other  than  leucoge- 
nenol that  affect  the  ^RQ  of  L5178Y  cells. 
The  concentration  of  leucogenenol  in  the 
serum  is  then  calculated  from  the  dilution  of 
a  known  volume  of  a  solution  of  this  par- 
tially isolated  leucogenenol  that  causes  a 
maximum  ^RQ  of  L5178Y  cells.   When 

•  Supported  in  part  by  Office  of  Naval  Research 
Contract  No.  N00014-73-C-0033.  and  National  Insti- 
tutes of  Health  Grant  No.  CA12736-02. 


known  quantities  of  leucogenenol  are  added 
to  samples  of  sera  these  quantities  are  accu- 
rately determined  (within  5%)  by  the  bioas- 
say. 

The  concentration  of  leucogenenol  in  the 
serum  varies  with  the  species  of  animal  (5 ,6) 
and  in  particular  with  abnormal  conditions 
(11).  A  preliminary  investigation  of  the  lev- 
els of  leucogenenol  in  the  serum  of  patients 
with  a  variety  of  diseases  showed  that  it  is 
not  significantly  elevated  in  noninflamma- 
tory diseases  but  is  significantly  elevated  in 
patients  with  diseases  that  are  associated 
with  tissue  changes  or  destruction^  such  as 
systemic  lupus  erythematosus,  rheumatoid 
arthritis,  or  subacute  bacterial  endocarditis. 

Injection  of  leucogenenol  into  animals  re- 
sults in  an  increase  in  the  rate  of  maturation 
of  the  myeloblasts  and  erythroblasts  in  their 
bone  marrow  (12-17),  and  addition  of  leu- 
cogenenol to  a  tissue  culture  of  human  pe- 
ripheral lymphocytes  induces  blast  forma- 
tion (18).  It  is  apparent  that  if  leucogenenol 
also  affects  the  rate  of  transformation  and/ 
or  maturation  of  cells  associated  with  tissue 
repair  an  elevation  in  serum  leucogenenol 
might  be  expected  in  diseases  associated 
with  tissue  destruction.  It  might  also  be  pre- 
dicted that  artificially  induced  loss  of,  or 
injury  to  tissues  of  normal  animals  should 
result  in  elevated  levels  of  leucogenenol  in 
their  sera. 

We  wish  to  report  that  skin  or  muscle 
incisions  or  the  loss  of  appreciable  quanti- 
ties of  blood  result  in  the  temporary  eleva- 
tion of  the  level  of  leucogenenol  in  the  sera 
of  rabbits  and  rats. 

Materials  and  methods.  Rabbits  (New 
Zealand  whites  of  3  to  5  kg  in  weight)  and 
rats  (Sprague-Dawley,  approximately  250  g 
in  weight)  were  exposed  to  a  light  and  dark 
cycle  of  12  hr  each,  and  allowed  food  (Pur- 

«  M.  B.  Stevens,  F.  A.  H.  Rice,  J.  D.  McCurdy,  and 
C.  G.  Chen,  unpublished  data. 
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ina  Lab  Rabbit  or  Rat  Chow,  as  appropri- 
ate) and  water  ad  libitum.  Ether  (Mallinck- 
rodt,  anesthesia  grade)  was  used  for  anes- 
thesia. Blood  was  drawn  with  sterile  dispos- 
able syringes  and  the  serum  was  obtained 
after  allowing  the  blood  to  clot  for  approxi- 
mately 1  hr  at  room  temperature  and  over- 
night at  4"*.  The  serum  was  removed  with  a 
disposable  Pasteur  pipet.  The  concentration 
of  leucogenenol  in  the  serum  was  deter- 
mined as  previously  reported  (5,  6). 

Effect  of  a  skin  incision  on  the  concentra- 
tion of  leucogenenol  in  the  serum  of  rabbits. 
Two  to  three  milliliters  of  blood  was  with- 
drawn from  the  marginal  ear  vein  of  each  of 
16  rabbits  (8  males  and  8  females).  The 
serum  was  separated  and  assayed  for  its  con- 
centration of  leucogenenol.  At  random  in- 
tervals over  a  period  of  3  weeks,  blood  was 
again  withdrawn  (altogether  42  samples) 
one  or  more  times  from  the  marginal  ear 
vein  of  each  rabbit,  the  serum  was  separated 
and  assayed  for  its  concentration  of  leucoge- 
nenol. Eight  of  the  16  rabbits  (4  males  and  4 
females)  then  were  selected  at  random, 
anesthesized,  and  2  to  3  ml  of  blood  was 
withdrawn  from  the  marginal  ear  vein  of 
each  rabbit,  the  serum  was  separated  and 
assayed  for  its  leucogenenol  concentration. 
One  week  later  the  eight  rabbits  were  anes- 
thesized again  and  an  incision  (approxi- 
mately 10  cm)  was  made  through  the  skin 
on  the  back  of  each  rabbit  midway  between 
the  neck  and  the  tail.  The  incision  was  im- 
mediately closed  with  silk  sutures  and  anes- 
thesia discontinued.  At  intervals  after  clos- 
ing the  incision  (V4  to  V2  hr,  1  hr,  3  hr,  5  hr, 
24  hr,  3  days,  and  6  days)  2  to  3  ml  of  blood 
was  withdrawn  from  the  marginal  ear  vein 
of  three  or  more  of  the  rabbits,  the  serum 
was  separated  and  assayed  for  its  concentra- 
tion of  leucogenenol. 

Effect  of  the  loss  of  blood  on  the  concen- 
tration of  leucogenenol  in  the  serum  of  rab- 
bits. Six  rabbits  (3  males  and  3  females) 
were  selected  at  random  from  the  remaining 
eight  rabbits  and  25  to  30  ml  of  blood  with- 
drawn from  each  rabbit  by  cardiac  puncture 
under  anesthesia.  The  serum  was  separated 
and  assayed  for  its  concentration  of  leucoge- 
nenol. Twenty-four  hours  and  again  3  days 
later,  approximately  5  ml  of  blood  was  ob- 
tained from  each  of  the  rabbits  by  cardiac 


puncture  under  anesthesia.  The  serum  was 
separated  and  assayed  for  its  concentration 
of  leucogenenol. 

Effect  of  skin  and  muscle  incisions  on  the 
concentration  of  leucogenenol  in  the  serum 
of  rats.  Twelve  male  and  12  female  rats 
were  exsanguinated  (approximately  10  ml 
of  blood)  by  cardiac  puncture  under  anes- 
thesia. The  serum  was  separated  from  the 
blood  of  each  rat  and  assayed  for  its  concen- 
tration of  leucogenenol.  Twenty-eight  male 
rats  then  were  anesthesized  and  a  right  and 
left  lateral  rectus  incision  (approximately  2 
cm)  was  made  approximately  2  cm  from  the 
midline  through  the  skin  and  muscles  into 
the  abdominal  cavity  of  each  animal.  The 
muscle  layers  were  closed  immediately  with 
gut  sutures  and  the  skin  was  closed  with 
autoclips  (Clay  Adams,  9-mm  No.  B-2355/ 
S,  stainless  steel).  Anesthesia  was  discontin- 
ued then  in  all  but  seven  rats  which  were 
exsanguinated  immediately  by  cardiac  punc- 
ture and  the  serum  was  separated  and  as- 
sayed for  its  concentration  of  leucogenenol. 
Five  hours,  24  hr,  and  3  days,  after  closing 
the  incisions,  seven  of  the  remaining  21  ani- 
mals were  exsanguinated  under  anesthesia 
and  the  serum  separated  from  their  blood 
and  assayed  for  its  concentration  of  leucoge- 
nenol. 

Effect  of  loss  of  blood  on  the  concentra- 
tion of  leucogenenol  in  the  serum  of  rats. 
Blood  (approximately  2.5  ml)  was  with- 
drawn by  cardiac  puncture  under  anesthesia 
from  each  of  six  male  and  six  female  rats. 
The  serum  was  separated  and  assayed  for  its 
concentration  of  leucogenenol.  Blood  (ap- 
proximately 2.5  ml)  was  withdrawn  again  by 
cardiac  puncture  under  anesthesia  from 
each  of  the  male  rats  at  the  following  inter- 
vals after  the  first  withdrawal:  1  hr,  1  day,  3 
days,  and  6  days.  Blood  (approximately  2.5 
ml)  was  withdrawn  from  each  of  the  female 
rats  at  the  following  intervals  after  the  first 
withdrawal:  1,3,  and  6  days.  As  before,  the 
serum  was  separated  from  the  blood  of  each 
rat  and  assayed  for  its  concentration  of  leu- 
cogenenol. 

Results  and  discussion.  Table  I  shows  the 
effect  of  making  a  skin  incision  on  the  con- 
centration of  leucogenenol  in  the  serum  of 
rabbits.  Normal  male  and  female  rabbits 
show  no  significant  differences  in  the  con- 
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TABLE  I.  Effect 

OF  Making 

A  Skin  iNasioN"  on  the  Concentration  of  Leucogenenol  in  the  Serum 

OF  RABBrrs. 

Concentration  of  leucogenenol  in  the  serum  at  intervals  following  a 

1  skin  incision 

(Mg/liter) 

V4  to  V2 

Rabbit  No  * 

0 

hr            1  hr            3  hr             5  hr            24  hr 

3  days 

6  days 

Males 

1 

55.6 

54.4                           106.1             60.5           101.0 

132.3 

50.4 

2 

55.0 

58.8           82.5            73.9             47.6             98.8 

52.8 

3 

59.5 

50.7           63.5             63.5             67.5 

62.5 

4 

48.4 

23.7           30.2             99.3           214.7 

73.6 

39.4 

Females 

5 

38.8 

62.5           52.5            99.3             64.1           122.6 

68.9 

31.4 

6 

39.9 

56.8             28.9           107.8 

97.0 

26.1 

7 

65.3 

70.5           348.4 

53.7 

8 

58.9 

33.6             84.3 

62.1 

58.9 

Mean 

52.7 

58.2           52.3            71.6             58.5           143.2 

75.4 

46.9 

±S.D/^ 

±9.5 

±24            ±28             ±22             ±94** 

±15- 

±13 

°  An  approximately  10  cm  incision  was  made  on  the  back  of  each  rabbit  midway  between  the  neck  and  the  tail. 
The  incision  was  closed  immediately  with  sutures.  For  details  see  text. 

^  Serum  obtained  at  random  two  to  four  times  over  a  3  week  period  from  eight  male  and  eight  female  rabbits 
showed  a  mean  concentration  of  leucogenenol  of  50.8  ±  14  fig/liter  (42  determinations). 

^  Standard  deviation. 

-  p  <0.001  for  difference  from  animals  before  the  incision  was  made. 


centration  of  leucogenenol  in  their  serum 
(48.4  to  59.5  and  38.8  to  65.3  /ig/lJter, 
respectively).  Neither  is  there  a  significant 
difference  between  the  concentration  of  leu- 
cogenenol in  the  blood  of  unanesthesized 
animals  and  animals  anesthesized  with  ether 
(50.4  ±  14  and  52.7  ±  9.5  /ig/Jiter,  respec- 
tively). Although  V4  to  V2,  1,  3,  and  5  hr 
after  making  the  skin  incision  the  average 
concentration  of  leucogenenol  in  the  serum 
of  the  rabbit  is  increased,  the  variation  be- 
tween animals,  as  indicated  by  the  standard 
deviation,  makes  it  impossible  to  determine 
whether  or  not  it  is  significant.  However,  24 
hr  after  making  the  skin  incision  there  is  an 
unquestionable  elevation  in  the  concentra- 
tion of  leucogenenol  in  the  rabbit's  serum 
(143.2  ±  94  /ig/liter  vs  the  normal  52.7  ±  9 
/Ltg/liter).  The  concentration  of  leucoge- 
nenol in  the  serum  remains  elevated  for  at 
least  3  days,  but  returns  to  a  normal  value  in 
6  days. 

Table  II  shows  the  effect  of  making  two 
incisions  into  the  abdominal  cavity  of  rats  on 
the  concentration  of  leucogenenol  in  their 
serum.  No  significant  change  is  observed  5 
hr  after  making  the  incisions.  However,  the 
concentration  of  leucogenenol  in  the  serum 
is  elevated  in  24  hr,  but  decreases  to  normal 
values  in  3  days. 

Table  III  shows  that  the  concentration  of 


TABLE  II.  Effect  of  Making  Two  iNasiONS" 
INTO  THE  Abdominal  CAvrrv  of  Rats*  on  the 
Concentration   of   Leucogenenol   in  Theik  se- 

RUM. 

Concentration  of  leucogenenol  in  the  serum  at  intervals 
after  closing  the  incisions  (/xg/liter  ±  standard  devia- 
tion^) 


0 


5hr 


day 


3  days 


34.9  ±3*         32.1  ±  11        75.0  ±27*         33.8  ±  8 

°  Two  approximately  2.5  cm  lateral  rectus  incisions 
were  made  approximately  2  cm  from  each  side  of  the 
median  line  and  immediately  closed  with  gut  sutures 
(muscle  layers)  and  autoclips  (skin).  For  details  see 
text. 

^  Male  rats  were  used.  An  additional  1 2  male  and  12 
female  rats  showed  normal  concentrations  of  leucoge- 
nenol in  their  serum  of  36.9  ±  9  /xg/liter. 

^  Calculated  from  results  on  seven  animals. 

**  p  < 0.001  for  difference  from  normal  animals. 


leucogenenol  in  the  serum  of  both  male  and 
female  rats  and  rabbits  is  elevated  the  day 
after  the  rat  has  lost  approximately  one- 
quarter  or  the  rabbit  approximately  one-half 
of  the  blood  in  its  circulation .  A  second  loss 
of  the  same  quantity  of  blood  from  the  rat 
the  day  following  the  initial  loss  results  in 
the  maintenance  of  the  increased  level  of 
leucogenenol  for  at  least  2  days.  A  third  loss 
of  approximately  the  same  quantity  of  blood 
causes  a  further  mean  increase  in  the  con- 
centration of  leucogenenol  in  the  rat's  se- 
rum. 
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TABLE  in.  Effect  of  the  loss  of  Blood  on  the  Concentration  of  Leucogenenol  in  the  Serum  of 

Rabbits  and  Rats. 


Concentration  of  leucogenenol  in  the  serum  at  intervals  following  initial 
blood"  (/tg/liter  ±  standard  deviation) 

or  repeated  loss  <rf 

Animal 

0                      1  hr                     1  day                       3  days 

6  days 

Rabbits 
Rat^  (male) 
Rat^  (female) 

50.8  ±  14                                   162.2  ±66-                  76  ±  14 
32.0  ±  3             46.5  ±  8            96.6  ±  25'^''          109.0  ±  5K-*' 
37.8  ±  9                                       86.2  ±  25'--*'            70.6  ±  28^-*' 

278.4  ±  146* 
250.0  ±  90* 

"  Approximately  25  ml  of  blood  was  withdrawn  by  cardiac  puncture  under  ether  anesthesia  from  each  of  three 
male  and  three  female  rabbits.  One  day  and  3  days  later  approximately  2 .5  ml  of  blood  was  obtained  from  each  of 
the  rabbits  by  cardiac  puncture  under  ether  anesthesia.  The  serum  was  separated  from  each  sample  of  blood  and 
assayed  for  its  concentration  of  leucogenenol.  For  details  see  text. 

^  Approximately  2.5  ml  of  blood  was  withdrawn  from  each  of  six  male  and  six  female  rats  by  cardiac  puncture 
under  ether  anesthesia  at  each  of  the  indicated  time  intervals.  The  serum  was  separated  from  each  sample  of  blood 
and  assayed  for  its  concentration  of  leucogenenol. 

*"  Approximately  2.5  ml  of  blood  again  withdrawn. 

**  p  <0.001  for  difference  from  normal  animals. 


So  far,  most  studies  of  the  biological  ac- 
tivity of  leucogenenol  have  been  concerned 
with  its  effect  on  the  rate  of  maturation  and/ 
or  transformation  of  blood  cells  (12-18)  or 
associated  phenomena  such  as  antibody  for- 
mation (19-22).  However,  there  is  no  rea- 
son to  conclude  that  leucogenenol  does  not 
have  activity  towards  other  cells  as  well. 
Most  steroid  hormones  have  more  than  one 
target  organ  (23)  and  growth  hormone  is 
not  only  necessary  for  general  body  growth 
but  also  is  necessary  for  normal  antibody 
formation  (24). 

Certainly  it  is  likely  to  be  more  than  a 
mere  coincidence  that  damage  done  to  tis- 
sues by  skin  or  muscle  incisions,  ionizing 
radiation  (11),  and  many  inflammatory  dis- 
eases^ results  in  the  elevation  of  the  serum 
leucogenenol  level.  Fumarola  and  cowork- 
ers have  demonstrated  that  leucogenenol  in- 
duces a  transformation  of  fibroblasts  culti- 
vated in  vitro  (25)  and  increases  the  rate  at 
which  colloidal  carbon  is  cleared  from  the 
circulation  of  rabbits  and  rats  (26).  At  least 
one  should  consider  the  possibility  that  an 
increased  level  of  serum  leucogenenol  is  a 
normal  physiological  response  to  many 
types  of  tissue  damage,  and  that  this  eleva- 
tion induces  a  more  rapid  formation  of  ap- 
propriate cells  for  repair  and  the  clearance 
of  debris. 

Summary,  It  has  been  found  that  damage 
to  a  tissue  of  a  rabbit  or  a  rat,  such  as  results 
from  a  skin  incision  or  an  incision  through 
the  skin  and  muscles  into  the  abdominal 
cavity,  is  followed  24  hr  later  by  a  significant 


increase  in  the  concentration  of  leucoge- 
nenol in  the  animal's  serum.  Likewise,  loss 
of  approximately  one-quarter  to  one-half  of 
the  blood  in  the  circulation  of  rabbits  or  rats 
causes  an  increase  24  hr  later  in  the  animals' 
serum  leucogenenol  concentration . 
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Type  C  viruses  are  commonly  encoun- 
tered laboratory  agents.  Several  type  C  vi- 
ruses, including  known  oncogenic  strains, 
replicate  efficiently  in  human  cells,  repre- 
senting biohazards  of  unknown  potential. 
Virus  mutants,  conditionally  or  noncondi- 
tionally  defective  in  replication,  and  viral 
recombinants,  created  deliberately  or  inad- 
vertantly, are  also  potentially  biohazardous 
(1).  The  National  Cancer  Institute  (NCI) 
has  formulated  guidelines  for  the  laboratory 
handling  of  biohazardous  agents  (2),  but 
relatively  little  is  known  about  the  survival 
of  type  C  viruses  under  laboratory  encoun- 
tered conditions.  In  this  report  we  describe 
survival  studies  on  Rauscher  leukemia  virus 
(RLV)  (3)  which  may  assist  the  further  de- 
velopment of  safe  laboratory  handling  pro- 
cedures. 

Materials  and  methods.  Biological  laminar 
cabinet.  All  cell  culture  and  virus  proce- 
dures were  performed  in  a  4-ft  laminar  flow 
biological  safety  cabinet  class  II  (BioQuest) 
with  an  average  vertical  air  flow  velocity  of 
48  ft/min.  Thermal  temperatures  of  the  cab- 
inet work  surface  were  initially  ambient 
(25**),  gradually  increased  to  28-29^  after  3 
hr  oif  operation,  and  then  remained  steady. 
A  new  ultraviolet  (uv)  lamp  (GE-G36T6) 
was  installed  into  the  provided  cabinet  fix- 
ture and  activated  24  hr  prior  to  use.  The 
dose  rate  of  the  uv  lamp  was  500  /iW/cm^  at 
the  work  surface  distance  of  54  cm. 

Virus.  RLV  stock  was  obtained  from  a 
chronically  infected  JLS-V9  subline  (4)  ob- 
tained from  Dr.  G.  Shibley.  The  cells  were 
grown  in  RPMI  1640  medium  supple- 
mented with  10%  heat  inactivated  fetal  bo- 
vine serum  (FBS)  and  antibiotics.  Superna- 
tant fluids  were  harvested  at  24-hr  intervals, 
clarified  by  centrifugation  (4^,  12,000g,  10 
min).  Pooled  samples  were  millipore  fil- 
tered (0.45  fim),  aliquoted,  and  stored  at 
-70"*.  The  virus  was  quick-thawed  prior  to 
use. 

Virus  assay.  RLV  was  assayed  by  a  direct 
focus  assay.  A 1-2  cells  are  a  clone  of  sar- 


coma virus  positive,  helper  virus  negative 
(S + H -  )-transf ormed  B ALB/c  peritoneal 
(BP)  cells  (5).  Superinfection  with  B-  or 
NB-tropic  viruses  results  in  the  rapid  devel- 
opment of  foci  of  morphologically  altered 
cells,  similar  to  the  S+L-assay  of  Bassin,e/ 
al.  (6).  Indicator  cells  were  plated  at  a  den- 
sity of  1  X  10V60  mm  plate  and  duplicate 
plates  infected  (1  hr,  37**)  with  0.3-0.5  ml  of 
virus  dilution  24  hr  later.  Infected  plates 
were  fed  with  7  ml  of  growth  medium  (Ea- 
gle's minimal  medium  supplemented  with 
10%  heat-inactivated  FBS  and  antibiotics). 
Foci  were  enumerated  5  days  after  infec- 
tion. 

Drying  method  and  uv  inactivation.  Virus 
samples  were  dried  by  spreading  (glass 
spreader  1  x  20  mm)  undiluted  virus  (0.1 
ml)  over  an  area  of  64  cm^  on  150-inm 
integrid  plastic  plates  (Falcon)  and  exposed 
to  the  air  flow  of  the  safety  cabinet.  Since 
preliminary  experiments  indicated  that  com- 
plete drying  was  achieved  in  8-10  min,  virus 
survival  studies  were  performed  on  samples 
allowed  to  dry  for  10  min.  At  various  times 
after  drying,  0.5-1 .0  ml  of  cold  medium  was 
added,  and  the  virus  reconstituted  by  scrub- 
bing with  the  glass  spreader.  This  process 
was  repeated,  and  the  two  samples  were 
pooled  and  assayed  immediately. 

Ultraviolet  inactivation  was  determined 
by  exposing  plates  of  dried  virus  immedi- 
ately after  drying  to  the  uv  lamp  installed  in 
the  cabinet  at  a  distance  of  54  cm,  and  the 
virus  reconstituted  as  described  above. 

Polymerase  assay.  RNA-dependent  DNA 
polymerase  (RDDP)  activity  was  deter- 
mined by  a  previously  published  method 
(7).  Virus  fluids  were  concentrated  (4**, 
100,000g,  1  hr)  in  a  Beckman  SW41  rotor 
and  assayed  for  RDDP  activity  using  the 
synthetic  template  (dt)i2-i8*(rA)„  and  re- 
sults are  expressed  as  A-pmoles  of 
[^HJdTMP  product/ml  of  unconcentrated  vi- 
rus after  60  min  of  incubation  at  37^  (1  pmol 
=  19,422  cpm). 

Results.  The  results  presented  represent 
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the  mean  values  of  two  to  three  experi- 
ments, and  unless  otherwise  stated,  were 
obtained  using  a  single  serum  lot. 

The  thermal  stabUity  of  RLV  was  tested 
at  refrigeration  (4**),  ambient  (25**),  and  in- 
cubator (36**)  temperatures,  and  the  data 
presented  in  Figs.  1  and  2  and  Table  I. 
Infectivity  and  RDDP  activity  were  most 
stable  at  4^  and  least  stable  at  36**  (Table  I). 
At  all  temperatures  tested,  RDDP  activity 
was  more  stable  than  infectivity.  This  is 
demonstrated  in  Fig.  2  by  the  decrease  with 


time  of  the  number  of  FFU/pmol  of  RDDP 
activity. 

The  infectivity  of  virus  suspended  in  se- 
rum-free medium  decreased  more  rapidly 
than  virus  suspended  in  medium  supple- 
mented with  10%  FBS.  Serum  lots  varied 
considerably  in  their  stabilizing  effect,  and 
the  data  presented  were  obtained  with  the 
optimal  serum  lots  tested. 

The  survival  of  dried  RLV  was  investi- 
gated (Fig.  3).  A  thin  film  of  virus  was 
allowed  to  dry  in  the  safety  cabinet  for  10 
min.  Drying  of  the  virus  resulted  in  a  tenfold 
reduction  in  titer.  A  further  tenfold  reduc- 
tion in  titer  occurred  during  the  first  hour 
after  drying.  Subsequently,  inactivation  pro- 
ceeded at  a  reduced  rate,  with  an  approxi- 
mate half-life  of  1  hr.  When  ethanol  (70%) 
was  sprayed  onto  the  dried  virus  and  permit- 
ted to  evaporate  prior  to  reconstitution,  via- 
ble virus  was  not  detected. 

Figure  4  shows  the  inactivation  with  uv 


Fig.  1.  Thermal  stability  of  RLV.  See  Table  I. 
Fetal  bovine  serum  was  omitted  from  the  diluent  of  the 
specimen  incubated  at  25''  and  labeled  **no  serum.** 


Fig.  2.  Differential  survival  of  RLV  infectivity  and 
RDDP  activity.  See  Table  I.  The  ratio  of  virus  infectiv- 
ity (FFU)  to  RDDP  activity  (pmol)  is  plotted  as  a 
function  of  time. 


Fig.  3.  Stability  of  air  dried  RLV  in  growth  me- 
dium at  28-29''  (Laminar  cabinet  temperature).  Virus 
samples  were  spread  on  petri  plates  and  air-dried  in  a 
safety  cabinet  under  standard  conditions,  as  described 
under  material  and  methods.  Samples  on  individual 
plates  were  reconstituted  periodically  and  immediately 
assayed  for  surviving  infectivity. 


TABLE 


Incubation 
tempera- 
ture 


Survival  of  RLV  iNFEcnvrrY  and 
RDDP  AcnvrrY.' 

Half-Ufe 


Focus  forming  ac- 
tivity 


RDDP  activity 


4 
25 
36 


7  days 
36  hr 
7hr 


25  days 
10  days 
13  hr 


>  Stock  RLV  was  diluted  in  growth  medium  and 
incubated  in  a  refrigerator  (4°)  or  water  jacketed  incu- 
bators (25**  and  36*).  Aliquots  were  periodically  re- 
moved and  tested  for  infectivity  and  RDDP  activity. 
The  figures  represent  mean  values  of  two  to  three 
experiments. 


4  8  12  16 

TIME   OF  UV  IRRADIATION   (mm) 

Fig.  4.  UV  inactivation  of  dried  RLV.  Virus  sam- 
ples were  spread  on  petri  dishes,  air-dried  in  a  safety 
cabinet  (see  materials  and  methods),  and  exposed  to 
the  uv  light  source  installed  in  the  cabinet  (500  /iW/ 
cm*).  Samples  were  periodically  reconstituted  and  as- 
sayed immediately  for  surviving  infectivity. 
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irradiation  of  air  dried  RLV  using  the  light 
source  installed  in  the  safety  cabinet.  Six- 
teen minutes  of  irradiation  inactivated  over 
5  logs  of  virus. 

Discussion,  Our  results  indicate  that  the 
half-lives  of  RLV  at  refrigeration,  ambient, 
and  incubator  temperatures  are  168,  36, 
and  7  hr,  respectively.  Virus  suspended  in 
FBS-supplemented  medium  survived  longer 
than  virus  suspended  in  protein-free  me- 
dium. These  results  are  in  general  agree- 
ment with  those  of  Levy  et  aL  (8)  for  the 
survival  of  RLV  oncogenicity,  and  of  Smith 
(9)  for  the  survival  of  Rous  sarcoma  virus 
infectivity.  RDDP  activity  was  more  stable 
than  focus-forming  ability  at  all  tempera- 
tures tested.  The  greater  stability  of  RDDP 
activity  should  be  considered  whenever  it  is 
used  as  an  indicator  of  infectivity. 

After  the  first  hour,  air-dried  virus  had  a 
half-life  of  approximately  1  hr.  Exposure  of 
dried  virus  to  the  uv  source  installed  in  the 
safety  cabinet  inactivated  more  than  S  logs 
in  16  min.  Dried  virus  was  inactivated  also 
by  spraying  with  70%  ethanol.  The  relative 
stability  of  dried  virus  and  the  known  aero- 
sol stability  (10)  and  spread  of  RLV  induced 
leukemia  (11)  increase  the  potential  bioha- 
zard  of  type  C  viruses. 

These  studies  indicate  that  RLV  is  rela- 
tively stable  under  a  variety  of  laboratory 
encountered  conditions,  providing  oppor- 
tunities for  accidental  exposure  of  labora- 
tory personnel,  as  well  as  inadvertant  con- 
tamination of  other  virus  stocks  and  cell 
cultures.  Recommended  laboratory  proce- 
dures include  the  use  of  laminar  flow  safety 
cabinets,  decontamination  of  the  work  sur- 
face and  interior  wall  of  the  cabinet  with 
ethanol,  or  other  chemical  agents,  and  ex- 


posure of  the  cabinet  interior  to  uv  light  for 
at  least  15  min  between  handling  different 
cell  cultures  or  viruses. 

Summary.  The  stability  of  Rauscher  leu- 
kemia virus  (RLV)  was  investigated  under 
certain  laboratory  conditions.  The  half  life 
of  the  virus  at  37**  was  7  hr,  and  consider- 
ably longer  at  lower  temperatures.  RNA 
dependent  DNA  polymerase  activity  was 
more  stable  than  infectivity  at  all  tempera- 
tures. Air  dried  virus  had  a  half  life  of  ap- 
proximately 1  hr,  but  was  rapidly  inacti- 
vated by  uv  light  or  70%  alcohol. 

We  are  indebted  to  Drs.  W.  Emmett  Barkley  and 
Herbert  K.  Oie  for  advice  and  encouragement,  and 
Edward  Russell  for  technical  assistance. 
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We  have  previously  reported  the  capabil- 
ity of  SCT  to  produce  an  acute  diuresis  and 
natriuresis  in  the  saline  loaded  rat  (1),  as 
well  as  its  ability  to  reduce  the  paw  edema 
or  inflammatory  phase  associated  with  the 
chronic  disease  state  known  as  rat  adjuvant 
arthritis  (12).  In  addition,  we  have  noted  a 
significant  decrease  in  the  heart  weight  of 
normal  rats  given  high  doses  of  salmon  calci- 
tonin for  7  days  (unpublished).  We  thus 
became  interested  in  determining  what  ef- 
fects SCT  might  have  in  a  chronic  hyperten- 
sive state  such  as  that  produced  in  rats  by 
administration  of  DOCA  in  combination 
with  a  high  salt  intake. 

Methods,  Two  separate  experiments  were 
performed  in  which  female  Sprague-Daw- 
ley  rats  with  initial  weights  of  50-70  g  were 
treated  sc  for  5  weeks  with  5  or  25  mg/kg/ 
dose  of  DOCA  given  b.i.d.  with  1%  NaCl  in 
the  drinking  water.  Synthetic  salmon  calci- 
tonin (4000  MRC  u/mg),  purified  porcine 
calcitonin  (100  MRC  u/mg),  or  synthetic 
human  calcitonin  (80  MRC  u/mg)  was  ad- 
ministered sc  at  a  dosage  of  5  MRC  u/kg/ 
dose  b.i.d.  in  a  16%  gelatin  vehicle  concom- 
itantly with  DOCA  but  at  a  different  injec- 
tion site.*  At  the  end  of  the  treatment  pe- 
riod direct  measurements  of  aortic  blood 
pressure  were  recorded  in  the  unanesthe- 
tized  state  over  at  least  a  5-min  period  fol- 
lowing cannula  insertion  and  pressure  stabi- 
lization. Systolic,  diastolic,  mean  blood 
pressure,  and  heart  rate  were  recorded.  The 
animals  were  then  sacrificed  and  measure- 
ments made  of  heart  and  kidney  weights. 
Appropriate  control  groups  receiving  dis- 
tilled water  or  1%  NaCl  to  drink  and  in- 
jected with  vehicle  were  included.  Levels  of 
statistical  significance  for  group  differences 
were  determined  using  Student*s  t  test. 

*  Calculated  on  a  weight  basis,  the  doses  given  were: 
SCT  1.25  /ig/kg  b.i.d.;  porcine  calcitonin  50.0  Mg/l^g 
b.i.d.;  and  human  calcitonin  62.5  Mg/kg  b.i.d.  All  were 
manufactured  by  Armour  Pharm.  Co. 


Results,  In  Table  I  are  shown  the  results 
of  the  blood  pressure  measurements  in  the 
two  experiments  after  5  weeks  of  treatment. 
Since  systolic  and  diastolic  pressures  varied 
proportionally,  only  data  on  mean  pressure 
are  presented.  Substitution  of  1%  NaCl  for 
distilled  drinking  water  had  no  effect  on 
mean  blood  pressure.  As  may  be  observed 
in  experiment  1,  5  mg/kg  b.i.d.  of  DOCA 
given  for  5  weeks  had  no  effect  on  mean 
pressure,  and  SCT  had  no  modifying  effect 
on  this  dose  of  DOCA.  However,  25  mg/kg 
b.i.d.  of  DOCA  produced  a  highly  signifi- 
cant increase  in  mean  blood  pressure  in  tx>th 
experiments  (F  <  .001)  and  the  addition  of 
5  MRC  u/kg  b.i.d.  of  SCT  to  this  dose  of 
DOCA  significantly  reduced  (F  <  .001)  the 
hypertension  in  each  experiment.  It  should 
be  noted  that  although  SCT  produced  a  sig- 
nificant lessening  of  DOCA-induced  hyper- 
tension, these  animals  were  still  significantly 
hypertensive  compared  to  control  animals 
receiving  no  DOCA.  In  experiment  2, 
groups  of  DOCA-treated  rats  were  given 
purified  porcine  calcitonin  or  synthetic  hu- 
man calcitonin  at  equivalent  hypocalcemic 
dosages  as  SCT  with  no  significant  reduction 
in  the  markedly  elevated  levels  of  blood 
pressure. 

Measurements  of  heart  rate  (data  not  pre- 
sented) show  a  statistically  significant  in- 
crease with  25  mg/kg  b.i.d.  of  DOCA  com- 
pared to  the  distilled  water  control  in  exper- 
iment 2  only.  As  this  effect  was  not  ob- 
served in  both  experiments,  we  do  not  con- 
sider this  finding  to  be  of  major  importance. 

The  effects  on  heart  weight  are  shown  in 
Table  II.  DOCA,  at  a  dosage  of  5  mg/kg 
b.i.d.  had  no  effect  on  heart  weight,  while 
25  mg/kg  b.i.d.  produced  a  highly  signifi- 
cant increase  in  this  parameter  in  both  ex- 
periments. SCT  decreased  DOCA-induced 
cardiac  hypertrophy  in  both  experiments 
but  this  effect  achieved  statistical  signifi- 
cance (F  <  .02)  only  in  experiment  1.  Por- 
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TABLE  I.  Effect  of  SCT  on  Mean  Blood  Pressure  in  DOCA  Treated  Rats .• 


DOCA 

Mean  blood 

pressure  (mm  Hg) 

Groups 

(mg/ke 

No. 

To  drink 

CT 

Exptl 

£xpt2 

1 

H2O 

_ 

_ 

113  ±8 

120  ±  5 

2 

1%  NaCI 

_ 

— 

113  ±  11 

117  ±  8 

3 

1%  NaCI 

5 

— 

116  ±  11 

— 

4 

1%  NaCI 

5 

SCT 

117  ±  8 

_ 

5 

1%  NaCI 

25 

— 

166  ±  18* 

191  ±  21* 

6 

1%  NaCI 

25 

SCT 

131  ±  II**- 

•** 

140  ±  10*-  *** 

7 

1%  NaCi 

25 

per 

_ 

171  ±  18* 

8 

1%  NaCI 

25 

HCT 

- 

186  ±  15* 

"  Values  are  mean  ±  1  standard  deviation;  N  =  1  rats/group. 
*  P  <  .001  vs  groups  1  and  2. 
**  P  <  .01  vs  groups  1  and  2. 
***P  <  .001  vs  group  5. 


TABLE  II.  Effect  of  SCT  on  Heart  Weight  in  DOCA  Treated  Rats.« 


DOCA 

Heart 

weight  (mg%) 

Group 

(mg/Kg 

No. 

To  drink 

b.rd.) 

CT 

Exptl 

Expt2 

1 

H2O 

— 

_ 

320  ±  15 

316  ±  7 

2 

1%  NaCI 

— 

— 

319  ±  16 

314  ±  12 

3 

1%  NaCI 

5 

— 

333  ±  19 

— 

4 

1%  NaCI 

5 

SCT 

327  ±  21 

— 

5 

1%  NaCI 

25 

_ 

450  ±  72«* 

394  ±  56** 

6 

1%  NaCI 

25 

SCT 

367  ±  29**-  *•• 

359  ±  26** 

7 

1%  NaCI 

25 

PCT 

— 

385  ±  28* 

8 

1%  NaCI 

25 

HCT 

- 

455  ±  85* 

°  Values  are  mean  ±  1  standard  deviation;  N  -  1  rats/group. 
•  P  <  .001  vs  groups  1  and  2. 
••  P  <  .01  vs  groups  1  and  2. 
•••P  <  .02  vs  group  5. 


cine  and  human  calcitonin  did  not  signifi- 
cantly modify  DOCA-induced  cardiac  hy- 
pertrophy. Histologic  evaluation  of  cardiac 
tissue  has  not  yet  been  performed. 

Measurements  of  kidney  weight  (data  not 
presented)  showed  that  25  mg/kg  DOCA 
b.i.d.,  but  not  5  mg/kg  DOCA  b.i.d.,  re- 
sulted in  a  highly  significant  (F  <  .001) 
increase  in  kidney  weight  in  both  experi- 
ments. Treatment  with  SCT,  PCT,  or  HCT 
did  not  significantly  (F  >  .05)  modify  kid- 
ney hypertrophy. 

Discussion.  An  antihypertensive  effect  of 
SCT  in  rat  hypertension  induced  by  DOCA 
administration  and  high  salt  intake  has  not, 
to  our  knowledge,  been  previously  re- 
ported, although  a  significant  lowering  of 
blood  pressure  by  SCT  in  the  spontaneously 
hypertensive  rat  has  been  shown  (9).  The 
capability  of  natriuretic  agents  such  as  chlo- 


rothiazide and  spironolactone  to  prevent  or 
reduce  DOCA-salt  hypertension  is  well  doc- 
umented (3,4). 

In  earlier  studies  we  noted  a  significantly 
greater  diuretic  and  natriuretic  pjotency  of 
SCT  in  the  rat  compared  to  PCT  (1 )  or  HCT 
(unpublished)  using  equivalent  hypocal- 
cemic  doses.  Similar  observations  concern- 
ing the  relative  effects  of  salmon  and  human 
calcitonin  on  renal  electrolyte  excretion  in 
the  rat  have  been  reported  by  Williams  e/ a/. 
(5).  These  differences  in  diuretic  and  natri- 
uretic activity  appear  to  parallel  the  antihy- 
pertensive potencies  now  reported  for  the 
three  hormones.  It  is  tempting  to  speculate 
that  this  parallelism  is  the  result  of  a  cause 
and  effect  relationship;  however,  studies  to 
examine  patterns  of  urine  electrolyte  excre- 
tion in  developing  DOCA-salt  hypertension 
have  not  been  completed. 
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previously  reported  observations  of 
ility  of  SCT  to  reduce  paw  edema  in 
Ijuvant  arthritis  (2)  and  our  present 
showing  antihypertensive  activity  of 
n  DOCA-salt  hypertension  in  the  rat 
mpatible  with  the  possibility  of  a  corn- 
underlying  mechanism  of  action 
>h  a  diuretic-natriuretic  pathway  in 
two  experimental  diseases.  However, 
mechanism  may  be  independent  from 
feet  of  SCT  on  the  kidney  since  it  has 
reported  that  the  antihypertensive  ac- 
f  certain  diuretics  such  as  the  benzo- 
azines  persists  in  patients  who  are  re- 
ry  to  their  diuretic  action  due  to  their 
jrrupted  use  (3).  As  an  alternative  hy- 
sis  a  mechanism  of  action  of  SCT  can 
isidered  based  on  the  well-established 
'  of  calcitonin  to  produce  compart- 
1  shifts  in  calcium  (6).  Such  shifts  can 
I  capillary  permeability  and  thus 
modify  a  potentially  edematous  state 
I.  Further  studies  are  obviously  re- 
l  to  resolve  the  means  by  which  calci- 


tonin can  modify  the  progression  of  these 
experimental  disease  states. 
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The  development  of  analogs  of  angioten- 
sin II  which  effectively  antagonize  the  vas- 
cular actions  of  angiotensin  II  has  provided 
a  means  of  evaluating  the  role  of  angioten- 
sin II  in  maintaining  the  arterial  pressure  in 
various  hypertensive  models.  The  com- 
pound l-sarcosine-8-alanine  angiotensin  II 
has  been  shown  to  be  an  effective  competi- 
tive antagonist  to  angiotensin  II  in  a  variety 
of  animal  species,  including  the  dog  (1 ).  The 
present  study  utilized  this  angiotensin  antag- 
onist to  investigate  the  role  of  the  renin- 
angiotensin  system  in  maintaining  the  ele- 
vated arterial  pressure  in  dogs  with  experi- 
mentally induced  perinephritis  hyperten- 
sion. 

Materials  and  methods.  Nine  mongrel,  fe- 
male dogs,  ranging  18  to  23  kg  in  body 
weight,  were  used  in  these  studies.  All  dogs 
were  fed  a  standard  diet  which  provided  a 
daily  intake  of  65  mEq  of  sodium  and  55 
mEq  of  potassium.  Water  was  available  ad 
libitum.  Arterial  pressures  were  routinely 
measured  three  times  each  week  by  placing 
the  conscious  dog  supine  on  a  table  and 
puncturing  the  femoral  artery  with  a  22 
gauge  syringe  needle  attached  to  a  pressure 
transducer;  the  arterial  pressures  were  re- 
corded on  a  Sanborn  recorder.  Only  those 
dogs  that  consistently  had  control  arterial 
pressures  of  less  than  130  mm  Hg  were  used 
in  these  studies. 

The  dogs  were  divided  into  two  groups. 
The  first  group  of  five  dogs  was  the  normo- 
tensive  control  group.  The  second  group  of 
dogs  consisted  of  those  in  which  hyperten- 
sion was  produced  by  cellophane  perine- 
phritis. Each  dog  in  the  hypertensive  group 
was  anesthetized  with  sodium  pentobarbi- 
tal, 35  mg/kg  body  weight  iv,  and  the  left 
kidney  was  exposed  by  a  flank  incision  with 
sterile  surgical  procedures.  A  sheet  of  cell- 


'  Supported  by  USPHS  Grant  No.  HL  17366. 


phane  (no.  215  PD,  E.  I.  DuPont  de  Nem- 
ours and  Co.)  was  placed  around  the  kidney 
and  was  held  in  place  by  a  silk  suture  tied 
loosely  around  the  renal  hilus.  The  incision 
was  closed  and  the  animal  was  allowed  to 
recover.  Two  weeks  later  each  dog  was 
again  anesthetized  as  before  and  the  right 
kidney  was  removed  through  a  flank  inci- 
sion by  sterile  surgical  procedures.  After 
recovery  from  surgery  the  routine  measure- 
ments of  arterial  pressures  were  resumed. 

After  approximately  2  months,  when  the 
hypertension  was  well  established,  or  after 
about  3  weeks  of  control  arterial  pressure 
measurements  in  the  normotensive  group, 
each  dog  was  again  anesthetized  and  a  cath- 
eter of  polyvinyl  chloride  (Fr  No.  5)  was 
inserted  into  the  carotid  artery  toward  the 
heart,  for  measurement  of  arterial  pressure. 
The  incision  was  closed,  with  the  end  of  the 
catheter  sutured  just  beneath  the  skin. 
Three  to  five  days  later  the  experiment  was 
performed. 

On  the  morning  of  the  experiment  the 
dog's  rectal  temperature  was  measured.  A 
polyethylene  catheter  (PE  50)  was  inserted 
percutaneously  into  the  saphenous  vein  for 
the  administration  of  angiotensin  II  or  the 
angiotensin  II  analog.  The  end  of  the  arte- 
rial catheter  was  exposed  and  was  connected 
by  means  of  an  extension  tube  to  a  pressure 
transducer  for  recording  mean  arterial 
blood  pressure.  Throughout  the  experiment 
the  conscious  dog  was  lying  on  the  floor  of 
the  laboratory,  tied  loosely  to  a  table  leg, 
and  appeared  to  be  undisturbed  by  the  pro- 
cedures. 

After  the  dog  was  completely  prepared 
for  the  experiment  and  was  lying  calmly  for 
30  min,  a  6  ml  blood  sample  for  plasma  renin 
activity  was  obtained  through  the  arterial 
catheter  and  was  placed  in  a  tube  containing 
0.06  ml  of  a  10%  solution  of  ethylenedia- 
minetetraacetate  (EDTA);  a  6  ml  arterial 
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sample  was  also  collected  for  serum 
litrogen  and  plasma  concentrations  of 
m  and  potassium.  The  arterial  blood 
ire  was  recorded  continuously  while 
ig  of  angiotensin  II  (1-asparagine-S- 
cine  angiotensin  II,  Schwarz-Mann, 
in  1  ml  of  isotonic  saline  was  injected 
ough  the  venous  catheter.  After  the 
)r  response  had  subsided  the  arterial 
jre  was  recorded  continuously  for  two 
Is  of  IS  min  each.  The  angiotensin  II 
g  l-sarcosine-8-alanine  angiotensin  II 
len  infused  iv  at  a  rate  of  6  ptg/min/kg 
dy  weight  for  45  min;  the  analog  was 
ved  in  isotonic  saline  and  was  infused 
gh  the  saphenous  catheter  by  means  of 
iable-speed  syringe  pump  at  a  flow  of 
iximately  0.5  ml/min.  During  infusion 
I  angiotensin  II  analog  the  mean  arte- 
lood  pressure  was  recorded  continu- 
.  Additional  blood  samples  for  plasma 

activity  were  obtained  after  15,  30, 
5  min  of  analog  infusion .  Immediately 
stopping  the  analog  infusion  the  pres- 
sponse  to  2.5  ptg  of  synthetic  angioten- 

was  again  recorded.  One  hour  after 
ing  the  infusion  of  the  angiotensin  II 
g  the  mean  arterial  blood  pressure  was 
recorded  and  a  final  blood  sample  for 
la  renin  activity  was  obtained. 
I  blood  samples  for  plasma  renin  activ- 
jre  centrifuged  in  a  cold  environment 
nd  the  plasma  samples  obtained  were 
1  frozen.  The  renin  determinations  in- 
d  processing  the  plasma  samples  for 
generation  of  angiotensin  I  by  the 
>d  of  Schneider  et  al,  (2).  The  angi- 
in  concentration  was  determined  by 
«iy  in  the  pentolinium-blocked,  pento- 
:al-anesthetized  rat,  with  changes  in 
al  pressure  as  the  response  parameter; 
Stic  angiotensin  II  (Hypertensin-Ciba) 


was  used  as  a  standard.  Plasma  renin  activ- 
ity was  expressed  as  nanograms  of  angioten- 
sin generated  by  3  hr  of  incubation  per  milli- 
liter of  plasma.  All  samples  were  assayed  in 
triplicate  and  the  average  of  the  three  deter- 
minations was  the  value  recorded.  Plasma 
concentrations  of  sodium  and  potassium 
were  determined  by  flame  photometry.  Se- 
rum urea  nitrogen  determinations  were  per- 
formed by  the  clinical  chemistry  laboratory 
of  the  University  Hospital. 

Results.  All  four  dogs  in  the  hypertensive 
group  developed  a  pronounced  increase  in 
arterial  pressure.  The  mean  arterial  pres- 
sure in  this  group  averaged  170  ±  11  (SEM) 
mm  Hg  as  compared  to  the  average  mean 
arterial  pressure  of  100  ±  10  mmUg  for  the 
five  normo tensive  dogs.  The  arterial  pres- 
sures in  these  two  groups  of  dogs  were  sig- 
nificantly different  (F  <  0.01)  when  ana- 
lyzed by  Student's  t  test  for  group  compari- 
sons (3).  The  values  for  rectal  temperature, 
serum  urea  nitrogen,  and  plasma  concentra- 
tions of  sodium  and  potassium,  which  are 
summarized  in  Table  I,  were  the  same  in 
these  two  groups  of  animals. 

The  effect  of  the  angiotensin  II  analog  on 
mean  arterial  pressure  in  the  normotensive 
dogs  is  summarized  in  Fig.  1 .  Infusion  of  the 
angiotensin  antagonist  in  these  dogs  re- 
sulted in  a  slight  initial  increase  in  arterial 
pressure  of  5-10  mm  Hg,  which  returned  to 
the  preinfusion  levels  before  5  min  of  infu- 
sion. After  the  initial  pressor  response  had 
subsided,  no  further  changes  in  arterial 
pressure  were  observed  during  the  45  min  of 
analog  infusion.  One  hour  after  stopping  the 
infusion  of  the  analog  the  arterial  pressure 
was  still  unchanged.  Infusion  of  the  angi- 
otensin II  antagonist  into  dogs  with  cello- 
phane perinephritis  hypertension  resulted  in 
a  pronounced  initial  rise  in  arterial  pressure 


3LE  I.  Values  for  Rectal  Temperature,  Serum  Urea  Nitrogen,  and  Plasma  Concentrations  of 
Sodium  and  Potassium  in  Normal  Dogs  and  in  Dogs  with  Perinephritis  Hypertension." 

Plasma  K  con- 
Serum  urea  ni-     Plasma  Na  concen-  centration 
Rectal  Temp.  fF)      trogen  (mg%)      tration  (mEq/litcr)         (mEq/liter) 


d  dogs  (n  =  5) 

phritis   hypertensive 
(n  =  4) 


101.9  ±  0.3 
101.5  ±  0.2 


14  ±  2 
17  ±  3 


145.2  ±  0.7 
143.0  ±  0.6 


4.5  ±  0.2 
4.3  ±  0.1 


alues  are  means  ±  SEM.  There  were  no  statistical  differences  between  the  two  groups  when  compared  by 
Vst  test. 
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which  did  not  subside  nearly  as  rapidly  as  in 
the  normotensive  dogs  (see  Fig.  2).  Com- 
paring the  arterial  pressure  after  15, 30,  and 
45  min  of  analog  infusion  with  the  arterial 
pressure  during  the  control  period  by  Stu- 
dent's /  test  for  paired  observations  revealed 
no  statistically  significant  differences  at  any 
of  these  time  periods.  The  arterial  pressure 
also  was  unaltered  60  min  after  stopping  the 
infusion  of  the  analog.  In  no  instance  did  a 
fall  in  arterial  pressure  occur  with  angioten- 
sin II  analog  infusion  in  the  hypertensive 
dogs.  Prior  to  infusion  of  the  analog  the 
arterial  pressure  was  stable  in  both  groups 
of  dogs,  as  indicated  by  the  averages  for  the 
mean  arterial  pressures  during  the  two  con- 
trol periods.  The  iv  injection  of  2.5  ptg  of 
angiotensin  II  during  the  control  period  pro- 
duced a  rise  in  mean  arterial  pressure  aver- 
aging 78  and  71  mm  Hg  for  the  control  and 
hypertensive  dogs,  respectively;  at  the  ter- 
mination of  the  analog  infusion  this  dose  of 
angiotensin  II  did  not  result  in  any  changes 
in  arterial  pressure. 
The  average  values  for  plasma  renin  activ- 


ity are  given  in  Table  II.  During  the  control 
period  the  values  for  plasma  renin  activity 
were  similar  in  both  groups  of  dogs,  and  no 
changes  in  plasma  renin  activity  occurred 
during  infusion  of  the  angiotensin  analog  in 
either  group. 

Discussion,  In  recent  years  several  ana- 
logs of  angiotensin  II  have  been  developed 
which  will  antagonize  the  effects  of  angi- 
otensin II  in  biological  systems.  The  ability 
of  the  compound  l-sarcosine-8-aIanine  an- 
giotensin II  to  block  the  vascular  action  of 
angiotensin  II  was  first  reported  by  Pals  et 
al.  (4)  who  studied  the  effect  of  this  com- 
pound on  the  rabbit  aortic  strip  in  vitro  and 
in  vivo  in  the  rat.  Studies  on  dogs  by  this 
laboratory  (5)  have  shown  that  infusion  of 
this  angiotensin  analog  into  two  prepara- 
tions with  elevated  levels  of  plasma  renin 
activity  and  increased  aldosterone  secretion, 
i.e.,  sodium-depleted  dogs  and  dogs  with  a 
constriction  of  the  thoracic  inferior  vena 
cava,  resulted  in  a  fall  in  arterial  pressure 
and  a  decrease  in  the  adrenal  secretion  rate 
of  aldosterone;  these  results  indicated  that 


ARTERIAL    im 
PRESSURE 
(mmHg) 


^T^ipEriTi 


r^ 


(mm  )    I 


Antagonist 


Fig.  1.  Effect  of  iv  infusion  of  l-sarcosine-8-aIa- 
nine  angiotensin  II,  at  6  /xg/min/kg  of  body  weight,  on 
arterial  pressure  in  five  normotensive  dogs. 


[    Anl^HnM     J 

Fig.  2.  Effect  of  iv  infusion  of  l-sarcosine>8-ala- 
nine  angiotensin  II,  at  6  /big/min/kg  of  body  weight,  on 
arterial  pressure  in  four  dogs  with  cellophane  perine- 
phritis hypertension. 


TABLE  II.  Effect  of  the  Infusion  of  the  Angiotensin  II  Analog  1-Sarcosine-8- Alanine 
Angiotensin  II  on  Plasma  Renin  Activity  in  Normal  Dogs  and  in  Dogs  with  Perinephutis 

Hypertension." 


Control 

Minutes  of  infusion  of  analog 

15  min 

30  min 

45  min 

Recovery 

Normal  dogs  {n  =  5) 

Perinephritis    hypertensive 
dogs {n  =  4) 

5.9  ±  0.8 
5.4  ±  1.0 

6.8  ±  1.2 
5.5  ±  1.4 

5.6  ±  1.3 
5.0  ±  1.4 

6.4  ±  1.5 

5.5  ±  1.0 

6.1  ±  1.0 

5.5  ±  1.3 

"  Values  are  means  ±  SEM.  Renin  values  are  nanograms  of  angiotensin  generated  during  3  hr  incubation,  per 
milliliter  of  plasma. 
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impound  blocked  both  the  vascular 
it  steroidogenic  effects  of  endoge- 
produced  angiotensin  II  in  the  dog. 
impound  has  been  used  to  study  the 
f  angiotensin  II  in  maintaining  the 
^d  arterial  pressure  in  dogs  with  ex- 
ntal  hypertension  produced  by  renal 
stenosis  and  contralateral  nephrec- 
Dogs  prepared  in  this  way  that  devel- 
I  chronic  hypertension  with  normal 
3f  plasma  renin  activity  did  not  show  a 
ion  in  arterial  pressure  during  infu- 
:  l-sarcosine-8-alanine  angiotensin  II 
however,  in  those  dogs  that  devel- 
malignant  form  of  hypertension  with 
;d  levels  of  plasma  renin  activity,  the 
n  of  this  analog  resulted  in  a  reduc- 
arterial  pressure.  Similar  results  have 
eported  by  Sweet  et  al.  (8)  for  dogs 
nal  artery  stenosis  and  chronic  hyper- 
I  receiving  another  angiotensin  antag- 
l-sarcosine-8-isoleucine  angiotensin 

lOugh  the  production  of  experimental 
hypertension  by  cellophane  perine- 
in  animals  was  first  reported  by  Page 
\9  (9)  and  this  renal  hypertensive 
has  been  studied  by  many  investiga- 
he  mechanisms  whereby  this  proce- 
^sults  in  an  elevated  arterial  pressure 
unknown.  Studies  reported  by  Ferra- 
7.  (10)  showed  an  increase  in  cardiac 
early  during  the  course  of  the  devel- 
t  of  cellophane-perinephritis  hyper- 
I  dogs;  these  workers  postulated  that 
e  in  cardiac  output  resulted  from  an 
;ed  venous  return  due  to  increased 
>  tone.  Mogil  et  al,  (11)  found  plasma 
activity  to  be  normal  or  reduced  in 
ith  chronic  hypertension  produced  by 
lane  perinephritis,  and  concluded 
e  hypertension  was  not  maintained  by 
;ed  activity  of  the  renin-angiotensin 
.  The  present  study  likewise  found 
I  values  for  plasma  renin  activity  in 
r^ith  perinephritis  hypertension.  Fur- 
)re,  the  infusion  of  the  angiotensin  II 
nist  l-sarcosine-8-alanine  angioten- 
into  these  hypertensive  dogs  did  not 
«  a  lowering  of  the  arterial  pressure 
of  these  hypertensive  dogs.  Similar 
;s  have  been  reported  by  Bumpus  et 
)  who  infused  the  angiotensin  antago- 


nist l-sarcosine-8-isoleucine  angiotensin  II 
into  dogs  with  perinephritis  hypertension. 
These  findings  provide  strong  evidence  that 
the  renin-angiotensin  system  is  not  involved 
in  maintaining  the  elevated  arterial  pressure 
in  dogs  with  chronic  hypertension  produced 
by  cellophane  perinephritis. 

The  slight  pressor  response  of  5-10 
mm  Hg  seen  initially  during  the  infusion  of 
the  angiotensin  analog  in  the  normotensive 
dogs  has  been  reported  previously  by  this 
laboratory  (5)  and  has  also  been  observed 
by  other  workers  (7).  Also,  dogs  with  renal 
artery  stenosis  and  hypertension  similarly 
exhibit  only  a  slight  pressor  response  ini- 
tially during  the  administration  of  this  com- 
pound (6).  Presumably  this  pressor  re- 
sponse is  mediated  by  catecholamines,  since 
it  is  well  established  that  angiotensin  II  will 
stimulate  the  release  of  adrenal  medullary 
catecholamines  (13-15),  and  an  aromatic  C- 
terminal  amino  acid  is  not  necessary  for  this 
effect  of  angiotensin  II  (16).  Also,  Munoz- 
Ramirez  et  al.  (17)  found  that  the  initial 
pressor  response  to  1 ,8-substituted  angi- 
otensin II  analogs  in  rats  was  attenuated  by 
adrenalectomy  or  by  alpha-adrenergic 
blocking  agents.  This  leads  to  speculation 
that  dogs  with  cellophane  perinephritis  hy- 
pertension may  release  more  adrenal  med- 
ullary catecholamines  in  response  to  angi- 
otensin than  do  normal  dogs  or  dogs  with 
renal  artery  stenosis  and  hypertension,  or 
that  in  dogs  with  cellophane  perinephritis 
hypertension  there  may  be  a  greater  vascu- 
lar reactivity  to  catecholamines. 

Summary,  Cellophane  perinephritis  hy- 
pertension was  produced  in  four  dogs,  while 
five  additional  dogs  served  as  normotensive 
controls.  A  competitive  antagonist  of  angi- 
otensin II,  l-sarcosine-8-alanine  angioten- 
sin II,  was  infused  iv  into  these  conscious 
dogs  at  a  rate  of  6  ptg/min/kg  of  body  weight 
for  45  min.  Arterial  pressure  averaged  170 
±11  (SEM)  mm  Hg  in  the  dogs  with  perine- 
phritic  hypertension,  and  was  not  altered 
significantly  during  infusion  of  the  angioten- 
sin antagonist.  In  the  normal  dogs  the  arte- 
rial pressure  averaged  100  ±  10  mm  Hg  and 
likewise,  did  not  change  during  administra- 
tion of  the  angiotensin  analog.  Plasma  renin 
activity  values  were  essentially  the  same  in 
these  two  groups  of  dogs  and  did  not  change 


564 


RENIN-ANGIOTENSIN    IN    HYPERTENSION 


during  infusion  of  the  angiotensin  antago- 
nist. These  studies  provide  strong  evidence 
that  the  renin-angiotensin  system  is  not  in- 
volved in  maintaining  the  elevated  arterial 
pressure  in  dogs  with  chronic  hypertension 
produced  by  cellophane  perinephritis. 
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hough  it  is  well  known  that  calcium 
a  vital  role  in  both  endocrine  and  exo- 
secretion  (1),  its  role  in  the  secretion 
nin  is  less  clear.  Thus,  some  authors 
St  that  calcium  retards  renin  release 
I,  while  others  have  provided  evidence 
:alcium  enhances  renin  release  (4,  5). 
ave  examined  the  direct  effect  of  cal- 
on  renin  release  in  vitro ,  independent 
ural  or  vascular  control.  Our  results 
ite  that  calcium  can  directly  stimulate 
please  of  renin. 

thods.  The  technique  we  have  adopted 
reviously  been  utilized  to  demonstrate 
lirect  stimulant  action  of  calcium  on 
lal  medullary  secretion,  namely,  rein- 
ction  of  calcium  after  a  period  of  cal- 
depletion  (6).  Male  Holtzman  rats 
-300  g)  maintained  on  regular  diet 
killed  by  a  blow  to  the  head  and  both 
ys  were  then  removed.  Renal  cortex 
eparated  and  the  capsule  was  removed 
>ing  a  razor  blade.  The  cortex,  thus 
ned,  was  cut  into  slices  by  hand,  aver- 
14  mg  each.  All  of  these  procedures 
performed  at  room  temperature.  Nine 
were  skewered  on  a  long  needle  and 
•ated  at  37®  in  2-ml  volumes  of  oxygen- 
modified  Krebs  solution  containing 
):  NaCl,  140;  KCl,  4.0;  CaCla,  1.0; 
ose,  10;  Tris  buffer  (pH  7.4),  10. 
a  30  min  preincubation  period  the 
were  transferred  to  successive  tubes  at 
1  intervals  and  aliquots  of  the  medium 
assayed  for  renin  released  from  the 
.  The  standard  method  of  stimulation 
ted  was  to  expose  the  tissues  to  cal- 
•free  conditions  for  30-35  min  and 
reintroduce  calcium  (0.5  mAf)  for  1 
followed  by  the  Ca-free  medium  again. 
1  was  assayed  by  radioimmunoassay  of 
tensin  I  (7)  generated  from  bovine  se- 

pported  by  grants  from  the  Kansas  Heart  Asso- 
and  the  American  Heart  Association. 


rum  substrate  (8)  at  pH  7.0.  The  bovine 
serum  substrate  contained  NaCl  (150  mAf), 
EDTA  (10  mAf),  and  phosphate  buffer  (pH 
7.0,  50  mAf).  The  final  incubation  mixture 
of  renin  and  serum  substrate  contained  10 
mAf  Cleland's  reagent  (DDT,  dithiothrei- 
tol)  and  3.3  mAf  EDTA.  After  incubation 
for  90  min  at  37**  the  mixture  was  chilled  on 
ice,  diluted  ninefold  with  100  mAf  Tris 
buffer  (pH  7.4)  and  assayed  for  angiotensin 
I  (7).  Angiotensin  generation  was  propor- 
tional to  renin  concentration  in  the  range 
utilized.  Renin  release  is  expressed  as  nano- 
grams of  angiotensin  generated  per  hour  of 
incubation  with  substrate  per  100  mg  tissue 
per  minute  of  tissue  incubation  (ng/hr/100 
mg/min). 

Results  and  discussion.  After  30  min  incu- 
bation, the  spontaneous  release  of  renin 
reached  a  low  and  steady  level,  about  10-20 
ng/hr/100  mg/min.  If  the  kidney  slices  were 
pretreated  with  calcium-free  medium,  the 
re  introduction  of  calcium  (0.5  or  6.0  mAf) 
caused  an  immediate  increase  in  renin 
release  (Fig.  1).  However,  in  the  absence  of 
calcium  depletion  (calcium  maintained  at 
1 .0  mAf),  addition  of  0.5  or  6.0  mAf  calcium 
did  not  cause  an  increase  in  renin  release 
(Fig.  1).  To  rule  out  secondary  effects  of 
calcium  on  Na"^  fluxes,  experiments  were 
done  with  Na-free  medium  (choline  chloride 
replacing  NaCl).  Again,  reintroduction  of 
calcium  caused  a  large  increase  in  renin 
release  (Fig.  2).  Since  the  calcium-induced 
release  of  hormones  from  the  posterior  pi- 
tuitary gland  and  from  the  adrenal  medulla 
is  dependent  on  a  source  of  metabolic  en- 
ergy (9,  10),  we  have  examined  the  effects 
of  lowered  temperature  on  the  calcium-in- 
duced release  of  renin.  When  experiments 
were  done  at  20**  instead  of  37**,  the  release 
of  renin  in  response  to  calcium  was  reduced 
(Fig.  3). 

The  present  results  parallel  experiments 
on  adrenal  medullary  secretion .  It  has  been 
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Fig.  1.  Calcium-induced  renin  release.  The  verti- 
cal bars  show  renin  released  from  four  sets  of  rat  kidney 
cortex  slices  (a-d).  Slices  were  preincubated  for  three 
10  min  periods  in  Krebs  solutions  containing  CaClx,  1 .0 
niAf  (b  and  d)  or  0  (a  and  c).  In  the  Ca-free  experi- 
ments, EGTA,  1 .0  mAf ,  was  present  during  the  first  10 
min  period  of  preincubation.  Renin  released  in  five 
consecutive  1  min  periods  following  the  preincubation 
is  shown  in  each  experiment  from  left  to  right.  In  the 
third  period  (closed  bars),  calcium  was  added  (0.5  mM 
in  a  and  b;  6.0  mAf  in  c  and  d).  Renin  release  is 
expressed  in  ng  angiotensin  1/hr  substrate  incubation/ 
100  mg  tissue/min  tissue  incubation.  N  =  3  for  a-c  and 
5  for  d.  Each  sample  in  each  experiment  was  assayed  in 
duplicates  or  triplicates.  The  thin  line  at  the  top  repre- 
sents the  standard  error. 
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Fig.  2.  Effect  of  NaCl  replacement  on  calcium- 
induced  renin  release.  The  vertical  bars  show  renin 


suggested  that  exposure  of  tissues  to  cal- 
cium-free medium  increases  their  permea- 
bility to  calcium  so  that  subsequent  treat- 
ment with  calcium  allows  an  enhanced  cal- 
cium influx  which  then  stimulates  secretioo 
(6).  This  may  also  be  true  for  the  juxtaglo- 
merular cells  and  suggests  that  calcium  can 

2oor 


E 

o 


100 


Li 


37® 

Fig.  3.  Effect  of  temperature  on  calcium-induced 
renin  release.  The  vertical  bars  show  renin  released 
from  two  sets  of  rat  kidney  cortex  slices.  Slices  were 
preincubated  for  three  10  min  periods  in  Ca-free  Krebs 
solution,  with  1 .0  mAf  EGTA  present  during  the  first 
10  min.  Renin  released  in  five  consecutive  1  min  period 
following  preincubation  is  shown  from  left  to  right  in 
each  experiment.  Calcium  (0.5  mAf)  was  added  during 
the  third  min.  One  experiment  was  done  at  37*  and  the 
other  one  at  20**.  AT  =  4. 


released  from  two  sets  of  rat  kidney  cortex  slices.  Both 
sets  of  slices  were  preincubated  for  three  10  min  pe- 
riods in  Ca-free  Krebs  solution,  with  1.0  mAf  EGTA 
present  during  the  first  10  min.  In  one  set  of  slices,  the 
NaCI  in  the  Krebs  solution  was  replaced  by  isotonic 
choline  chloride  throughout  the  experiment.  Renin  re- 
leased in  five  consecutive  1  min  periods  following 
preincubation  is  shown  from  left  to  right  in  each  experi- 
ment. In  the  third  minute  Ca  (0.5  mAf)  was  added.  N  = 
3. 
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ly  stimulate  renin  secretion.  The  pres- 
xperiments,  which  were  designed  to 
late  the  influence  of  neural,  vascular, 
sodium-dependent  mechanisms  on 
secretion,  show  that  the  cellular  basis 
lin  release  may  be  similar  to  that  oper- 
in  catecholamine  secretion.  Further 
IS  will  be  needed  to  determine  if  there 
ifferences  from  the  more  established 
:ory  systems. 

nmary.  Calcium  directly  stimulates 
release  from  rat  kidney  slices  previ- 
treated  with  calcium-free  medium, 
timulant  effect  of  calcium  (0.5  or  6.0 
is  not  seen  without  the  period  of  cal- 
depletion.  The  stimulant  effect  of  cal- 
is  still  present  in  sodium-free  medium 
;  reduced  when  the  incubation  is  per- 
id  at  20**  instead  of  37**.  The  results 
St  that  the  underlying  mechanism  of 
release  may  be  comparable  to  that  of 
[lolamine  release,  involving  calcium- 
ident  and  energy-dependent  steps. 
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In  1957  Schwarz  and  Foltz  (1)  described 
an  association  between  dietary  selenium  de- 
ficiency and  hepatic  necrosis.  However,  al- 
though the  dietary  requirement  for  selenium 
is  established,  its  possible  role  in  the  mainte- 
nance of  normal  hepatic  function  remains 
speculative.  Diplock  et  al,  (2,  3)  have  re- 
cently suggested  that  selenium  may  be  in- 
corporated into  a  nonheme  iron  containing 
microsomal  protein  active  in  the  NADPH- 
dependent  electron  transfer  chain.  It  is  con- 
ceivable, therefore,  that  the  integrity  of  the 
hepatic  microsomal  mixed-function  oxidase 
system  may  in  part  be  dependent  on  an 
adequate  dietary  supply  of  selenium. 

We  have  recently  described  an  impaired 
inducibility  by  phenobarbital  of  cytochrome 
F450  and  cytochrome  65  in  the  selenium  defi- 
cient rat  (4).  The  normal  inducibility  of  the 
flavoprotein  component  of  the  mixed  func- 
tion oxidase  system,  NADPH  cytochrome  c 
reductase,  in  these  animals  suggested  that 
the  impaired  response  in  these  selenium  de- 
ficient rats  may  be  limited  to  the  heme- 
containing  microsomal  proteins.  Prelimi- 
nary observations  (4)  indicated  that  the  apo- 
protein component  of  cytochrome  F450  was 
induced  by  phenobarbital  in  the  selenium 
deficient  rats.  The  present  study  is  a  contin- 
uing investigation  of  the  possible  discoordi- 
nated  synthesis  of  heme  and  apoprotein  in 
the  selenium  deficient  phenobarbital-stimu- 
lated  rat. 

Materials  and  methods,  Male  Holtzman 
rats  weighing  60-90  g  were  placed  on  a 
selenium  deficient  torula  yeast  diet  (5)  and 
water  ad  lib.  Two  dietary  groups  were 
formed  by  the  addition  of  supplemental  se- 
lenium, 0.5  mg/kg  as  NagSeOa,  to  the  diet  of 
one  group  of  animals.  Thus,  a  "selenium 
replete"  and  ''selenium  deficient"  group 
was  formed;  the  animals  were  maintained 
on  this  diet  for  3  months,  at  which  stage 
animals  in  both  groups  weighed  300-350  g. 

Four  animals  from  each  group  were  then 


subdivided  into  two  further  groups.  Within 
each  dietary  group  two  animals  received  a 
daily  intraperitoneal  injection  of  phenobar- 
bital (80  mg/kg  in  0.9  NaCl)  for  5  days,  the 
remaining  two  animals  receiving  only  the 
vehicle.  The  rats  were  then  fasted  overnight 
and  each  animal  was  given  10  /iCi  of  5-^ 
amino- [*^C]levulinic  acid  (Amersham  Radi- 
ochemical Centre,  14.4  mCi/mmole)  by  in- 
traperitoneal injection.  The  animals  were 
killed  by  exsanguination  2  hr  later.  The  liv- 
ers were  removed  and  homogenized  in  4  vol 
of  cold  0.25  M  sucrose,  0.01  M  Tris-HQ 
pH  7.4  in  a  Potter-Elvejham  homogenizer 
with  Teflon  pestle  at  600  rpm.  Subcellular 
fractions  were  separated  by  differential  cen- 
trifugation  by  the  method  of  Novikoff  and 
He  us  (6),  and  the  microsomal  subfraction 
was  resuspended  to  25  ml  in  0.05  Af  Tris- 
HClpH7.4. 

Aliquots  of  homogenate  and  the  micro- 
somal subfractions  were  used  for  the  extrac- 
tion of  and  determination  of  he^e.  Lipids 
were  first  extracted  as  described  by  Dniyan 
and  Kelly  (7).  Hemes  were  then  extracted 
twice  from  these  samples  with  20  ml  of  acid- 
ified acetone  (2.5  ml  of  31%  HCl/lOO  ml 
acetone),  the  pooled  extracts  were  flash 
evaporated  and  the  hemes  dissolved  in  5  ml 
of  alkaline  pyridine  (pyridine- 1  M  NaOH- 
water,  5:1:5  by  volume,  pH  13).  An  aliquot 
was  taken  for  the  determination  of  hemes  as 
described  by  Greim  etal,  (8)  and  100  /xl  was 
added  to  10  ml  of  toluene-Omnifluor  for 
determination  of  radioactivity  in  a  Packard 
Tricarb  Model  2425  scintillation  spectrome- 
ter. Quench  data  were  analyzed  by  a  Con- 
trol Data  Corporation  6400  computer. 

The  turnover  of  cytochrome  P450  apopro- 
tein in  selenium  deficient  animals  was  as- 
sessed in  other  animals  from  the  two  dietary 
groups.  Microsomal  fractions  were  prepared 
from  phenobarbital-injected  and  saline-in- 
jected selenium  deficient  animals.  The  mi- 
crosomal  fractions  were   washed   by  the 
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od  of  Weihing  et  al.  (9)  to  remove 
bed  and  intracistemal  proteins  and 
1  amounts  (SO  ptg)  of  sodium  dodecyl 
:e  (SDS)  solubilized  microsomal  pro- 
from  these  animals  were  applied  to  a 
)  polyacrylamide-SDS-6  M  urea  slab 
rior  to  electrophoresis  according  to  the 
od  of  Laemmli  (10).  The  gel  was  fixed 
stained  in  Coomassie  blue  0.1%  in 
7o  trichloroacetic  acid,  50%  methanol 
light  and  destained  in  10%  acetic  acid, 
entative  identification  of  the  protein  of 
wt  50,000-60,000  as  cytochrome  F450 
rotein  within  this  system  has  been  de- 
lA  previously  (11)  and  the  problems 
iated    with    identification    discussed 

e  double  isotope-polyacrylamide  gel 
rophoresis  technique  (13)  was  utilized 
eviously  described  (11)  to  examine  the 
t  of  phenobarbital  administration  on 
/nthesis  of  cytochrome  F450  apoprotein 
lenium  deficient  rats.  For  5  days  prior 
crifice,  one  selenium  deficient  rat  was 
I  phenobarbital  (80  mg/kg/day)  while 
ler  received  0.9%  NaCl  only.  On  the 
day  of  treatment,  and  after  a  12-hr  fast, 
)henobarbital  treated  animal  received 
xCi  of  [4,5-^H]leucine  (Amersham  Ra- 
lemical  Centre,  1  Ci/mmol)  by  intra- 
3neal  injection  while  the  other  saline- 
ed  animal  simultaneously  received  50 
of  ['*C]leucine  (Amersham  Radi- 
mical  Centre,  348  mCi/mmole).  Six 
I  later  both  animals  were  killed  by 
iguination  and  a  microsomal  fraction 
ned  by  differential  centrifugation  of 
ombined  liver  homogenate.  The  micro- 
s  were  washed  (9),  suspended  in  1% 
and  7.5%  preparative  polyacrylamide 
electrophoresis  performed  as  above. 
r  overnight  freezing  the  gel  was  sliced 
versely  into  1 .5-mm  consecutive  slices 
he  ^H  and  **C  radioactivity  in  each  slice 
its  relationship  to  Coomassie  blue 
sd  bands  was  determined  as  previously 
ibed(ll). 

ita  were  analyzed  where  appropriate  by 
way  analysis  of  variance  with  replica- 
(14). 

^idts.  Basal  hepatic  heme  content  and 
esis  in  the  selenium  deficient  rats  did 
ppreciably  differ  from  the  levels  in  se- 


lenium replete  animals.  However,  in  the  se- 
lenium deficient  animals  hepatic  heme  syn- 
thesis did  not  increase  with  phenobarbital 
treatment  to  the  extent  documented  in  sele- 
nium replete  rats.  Total  hepatic  heme  con- 
tent (determined  as  mnAf /total  liver  homog- 
enate) increased  to  168%  of  the  control 
value  in  selenium  replete  phenobarbital 
treated  rats,  while  a  10%  increase  only  was 
observed  in  the  selenium  deficient  group 
(Fig.  1).  Changes  in  S-amino-[**C]levulinic 
acid  incorporation  paralleled  those  of  the 
hepatic  heme  content.  Thus,  5-amino- 
[^*C]levulinic  acid  incorporation  into  heme 
in  the  selenium  replete  phenobarbital  ani- 
mals was  158%  of  control,  but  no  increase 
was  demonstrable  in  the  selenium  deficient 
rats. 

Figure  2  illustrates  the  microsomal  heme 
content  and  S-amino-[*''C]levulinic  acid  in- 
corporation following  phenobarbital  treat- 
ment. After  correction  for  inefficiency  or 
incompleteness  of  microsomal  recovery,  de- 
termined by  glucose-6-phosphatase  recov- 
ery (13),  microsomal  heme  accounted  for 
60-70%  of  total  hepatic  heme.  Total  micro- 
somal heme  content  and  radioactive  incor- 
poration were  increased  by  phenobarbital 
administration  in  the  selenium  replete  ani- 
mals (respectively,  148  and  145%  of  con- 
trol, Fig.  2).  In  contrast,  this  increase  was 
appreciably  less  apparent  in  the  selenium 
deficient  animals  treated  with  phenobarbital 
(values,  respectively,  112  and  114%  of  con- 
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Fig.  1.  Total  hepatic  heme  and  5-ainino- 
[^KTjlevulinic  acid  incorporation  in  selenium  replete 
and  deficient  rats.  Heme  was  extracted  and  measured 
as  described  under  methods.  Each  value,  expressed  as  a 
percentage  of  selenium  replete  control,  represents  the 
mean  of  two  animals.  Clear  bars,  saline  treated; 
hatched  bars,  5  day  phenobarbital  treated  (80  mg/kg/ 
day). 
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Fig.  2.  Microsomal  heme  content  and  A-amino- 
["C]Ievulinic  acid  incorporation  in  selenium  replete 
and  deficient  rats.  Heme  was  extracted  and  measured 
as  described  under  methods.  Each  value,  the  mean 
from  two  animals,  is  expressed  as  a  percentage  of 
selenium  replete  control  (960  nm  M  heme/liver;  0.7  x 
lO**  dpm/liver).  Clear  bars,  saline  treated;  hatched 
bars,  phcnobarbital  treated. 

trol.  Fig.  2).  The  value  of  the  interaction 
term  for  microsomal  heme  and  radioisotope 
incorporation  between  selenium  deficient 
and  replete  animals  treated  with  phcnobar- 
bital was  significant  (P  <  0.01)  in  each  case. 
While  hepatic  incorporation  of  S-amino- 
[*^C]levulinic  acid  in  the  selenium  deficient 
rats  was  not  augmented  by  phcnobarbital 
pretreatment,  the  specific  activity  of  hepatic 
heme  did  not  differ  between  the  selenium 
replete  and  deficient  groups  (250-290  dpm/ 
nmole  of  heme).  In  all  animals  the  specific 
activity  of  heme  from  microsomal  fractions 
was  greater  than  that  of  the  total  hepatic 
homogenatc  (800  dpm/mmole  of  heme). 

Figure  3  demonstrates  that  even  in  the 
selenium  deficient  rat  there  is  an  apprecia- 
ble increase  in  the  density  of  staining  of 
protein  migrating  in  the  mol  wt  50,000- 
60,000  region  of  a  polyacrylamide  gel  after 
phcnobarbital  treatment.  Cytochrome  P450 
apoprotein  represents  a  substantial  propor- 
tion (estimated  as  50%,  (13))  of  polypep- 
tides in  this  region  and  an  identical  increase 
in  staining  density  after  phcnobarbital  treat- 
ment in  normal  rats  suggests  that  selenium 
deficiency  may  not  impair  the  inductive  re- 
sponse of  cytochrome  P450  apoprotein. 

This  impaired  response  in  heme  synthesis 
together  with  a  normal  pattern  of  increase  in 
gel  protein  staining  indicated  that  discoordi- 
nated  synthesis  of  apoprotein  and  heme  was 
occurring  in  the  phcnobarbital  treated  sele- 
nium deficient  rats.  We  therefore  investi- 
gated the  effect  of  phcnobarbital  on  synthe- 
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Fig.  3.  Polyacrylamide  slab  gel  electrophoresis. 
Microsomal  protein  fractions  from  selenium  deficient 
rats  were  solubilized  in  1%  sodium  dodecyl  sulfate 
(SDS)  and  electrophoresed  on  7.5%  polyacrylamide 
slab  gel  as  described  in  the  text.  Protein  bands  ^ere 
stained  with  Coomassie-blue.  Equal  amounts  (50  fi%) 
of  microsomal  protein  from  individual  samples  were 
applied:  (a)  Microsomes  from  selenium  deficient,  sa- 
line treated  animal,  (b)  Microsomes  from  selenium 
deficient  animal  treated  for  5  days  with  phenobarbital 
80  mg  mg/kg/day.  Molecular  weight  markers  67,000 
(albumin),  45.000  (ovalbumin). 

sis  rate  of  apoprotein  cytochrome  F450  in 
selenium  deficiency  by  a  double  isotope 
method.  Figure  4  demonstrates  a  marked 
increase  in  'H/*^C  ratios  in  the  mol  wt 
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Fig.  4.  Effect  of  phenobarbital  on  the  relative  rate 
of  synthesis  of  apoprotein  cytochrome  P450  in  selenium 
deficient  rats.  A,  (upper  panel)  control  experiment. 
Both  "C-  and  'H-labeled  leucine  simultaneously  deliv- 
ered to  untreated  control  rats.  'H/"C  ratio  for  each  gel 
slice  was  divided  by  homogenate  'H/**C  ratio*.  Dotted 
horizontal  lines  represent  95%  confidence  limits  for 
variation  from  mean  ratio.  B,  (lower  panel) 
['*C]leucine  was  administered  to  saline  treated  sele- 
nium deficient  rat,  [^Jleucine  simultaneously  adminis- 
tered to  phenobarbital  treated  selenium  deficient  rat. 
Animals  were  killed  6  hr  later  and  microsomes  pre- 
pared from  the  combined  liver  homogenate  were  elec- 
trophoresed  on  7.5%  polyacrylamide  (see  text).  Mo- 
lecular weight  markers  45,000  (ovalbumin),  67,000 
(albumin),  160,000  (gammaglobulin).  Dotted  horizon- 
tal lines  represent  95%  confidence  limits  established  in 
control  experiment. 

50,000-60,000  region  of  the  gel  similar  to 
that  previously  demonstrated  in  normal 
phenobarbital  treated  rats  (11). 

Discussion.  The  determination  of  cyto- 
chrome F450  involves  the  spectrophotomet- 
ric  measurement  of  the  heme  moiety,  and 
normally  the  apoprotein  content  is  not  de- 
termined. Siekevitz  (15)  recently  presented 
evidence  that  in  fetal  and  neonatal  rats  there 
is  an  apparent  discoordination  in  the  ap- 
pearance of  the  heme  and  apoprotein  moie- 
ties of  cytochrome  F450.  Thus,  the  previous 
demonstration  (4)  of  impaired  inducibility 
of  cytochrome  F450  by  phenobarbital  in  sele- 
nium deficient  rats,  with,  however,  normal 
inducibility  of  the  flavoprotein  NADPH  cy- 
tochrome c  reductase,  suggested  that  a  com- 
parable discoordination  of  synthesis  of  these 
two  moieties  may  be  present.  An  alternative 


explanation  that  heme  transport  to  the  mi- 
crosomes rather  than  heme  synthesis  was 
impaired  seemed  unlikely  in  view  of  the 
observation  of  Murty  etal.  {16)  that  vitamin 
E  deficiency  impaired  both  bone  marrow 
and  hepatic  heme  synthesis. 

The  present  study  confirms  the  concept  of 
discoordinated  synthesis  of  heme  and  apo- 
protein in  selenium  deficient  phenobarbital 
treated  rats.  Thus,  the  anticipated  increase 
in  8-amino-[**C]levulinic  acid  incorpora- 
tion was  not  apparent  in  the  selenium  defi- 
cient rats,  and  the  observation  that  total 
hepatic  radioisotope  incorporation  as  well 
as  microsomal  isotope  incorporation  were 
impaired  indicated  that  the  defect  is  one  of 
impaired  heme  synthesis  rather  than  a  de- 
fect in  intracellular  transport  of  heme. 

Two  approaches  were  utilized  to  demon- 
strate that  in  the  selenium  deficient  rats  ex- 
posure to  phenobarbital  was  associated  with 
an  increase  in  cytochrome  F450  apoprotein. 
Thus,  both  polyacrylamide  gel  staining  and 
radio-active  leucine  incorporation  indicated 
that  cytochrome  P450  apoprotein  induction 
was  not  impaired  by  selenium  deficiency.  In 
view  of  the  present  impossibility  of  the  cer- 
tain identification  of  cytochrome  F450  apo- 
protein (s)  this  conclusion  must  be  qualified. 
It  may  be  stated,  however,  that  the  induc- 
tion of  proteins  or  polypeptides  of  mol  wt 
50,000-60,000  did  not  appear  quantita- 
tively different  in  selenium  deficient  rats 
and  selenium  replete  controls,  and  since  cy- 
tochrome F450  apoprotein  represents  the 
major  protein  in  this  molecular  weight  range 
in  our  polyacrylamide  gel  system  (13)  a 
workable  extrapolation  seems  justifiable. 

Thus,  in  the  selenium  deficient  animal  the 
synthesis  of  the  heme  and  apoprotein  moie- 
ties of  cytochrome  F450  do  not  respond  iden- 
tically to  phenobarbital  induction.  The  re- 
cent demonstration  (15)  of  discoordinated 
synthesis  of  heme  and  apoprotein  in  the 
neonate  argues  against  the  proposal  that  in- 
duction of  heme  biosynthesis  leads  in  turn  to 
enhanced  cytochrome  F450  synthesis  (17, 
18),  but  rather  favors  a  primary  effect  of 
phenobarbital  in  increasing  F450  synthesis 
with  limited  availability  of  heme  resulting  in 
excess  apocytochrome  F450  (19,  20). 
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Hypozincemia,  hypozincuria,  and  the  in- 
creased hepatic  uptake  of  zinc  are  character- 
istic responses  of  the  mammalian  host  dur- 
ing many  infections,  endotoxemia,  and 
other  inflammatory  stresses  (1-4).  Re- 
cently, it  was  postulated  that  leukocytic  en- 
dogenous mediator  (LEM),  a  heat  labile, 
low  molecular  weight  protein  released  by 
polymorphonuclear  (PMN)  leukocytes,  may 
be  a  key  intermediate  in  stimulating  the 
above  alterations  in  zinc  metabolism  during 
inflammation  (5-7). 

More  recently,  Pekarek  and  Evans  (8) 
demonstrated  that  acute  infection  and  endo- 
toxemia in  rats  enhanced  the  intestinal  ab- 
sorption of  zinc  with  a  significant  accumula- 
tion of  zinc  in  the  livers  of  the  stressed 
animals.  While  the  mechanism  for  altered 
zinc  absorption  during  inflammation  re- 
mains uncertain,  the  present  investigation 
was  undertaken  to  determine  whether  LEM 
could  be  responsible,  in  part,  for  the  in- 
creased intestinal  absorption  and  hepatic 
uptake  and  retention  of  zinc  observed  dur- 
ing acute  inflammatory  stresses. 

Materials  and  methods.  Healthy  adult 
male  New  Zealand  white  rabbits,  weighing 
2-3  kg,  and  male  Sprague-Dawley  rats, 
weighing  150-175  g,  were  used  in  our 
study.  The  LEM  was  prepared  by  infusing 
rabbits  intraperitoneally  (ip)  with  approxi- 
mately 300  ml  of  a  sterile  pyrogen-free  nor- 
mal saline  solution  containing  0.2%  shell- 
fish glycogen  (Mann  Research  Laborato- 
ries).* Peritoneal  exudates  were  collected 
aseptically  14  hr  after  infusion,  and  the 
PMN  leukocytes  were  obtained  by  centrifu- 
gation.  The  harvested  cells  were  washed 

*  Mention  of  a  trademark  or  proprietary  product 
does  not  constitute  a  guarantee  or  warranty  of  the 
product  by  the  U.S.  Department  of  Agriculture,  and 
does  not  imply  its  approval  to  the  exclusion  of  other 
products  that  may  also  be  suitable . 


twice  with  cold  saline;  resuspended  at  1  x 
10®  cell/ml  in  sterile  pyrogen-free  normal 
saline  which  contained  10  U/ml  of  heparin, 
150,000  U/liter  of  penicillin  G,  and  0.4  g/ 
liter  of  streptomycin;  and  incubated  at  37® 
for  2  hr  with  gentle  shaking  (5,6).  Follow- 
ing incubation,  the  cells  were  removed  by 
centrifugation;  the  supernatant  represented 
the  crude  LEM  preparation. 

The  effect  of  LEM  on  zinc  metabolism 
was  tested  by  injecting  each  of  a  group  of 
rats  ip  with  1  ml  of  LEM  preparation.  Each 
of  another  group  of  rats  was  injected  ip  with 
an  equal  aliquot  of  the  LEM  preparation 
that  was  heat  inactivated  (90**  for  30  min). 
This  was  done  as  a  control  to  insure  that  the 
observed  changes  in  zinc  metabolism  were 
not  due  to  any  contaminating  heat-stable 
endotoxins.  Each  rat  of  a  third  group  re- 
ceived an  equal  volume  of  sterile  pyrogen- 
free  normal  saline  ip  and  the  group  served 
as  an  additional  set  of  controls. 

Six  hours  after  the  administration  of  the 
above  materials,  zinc  absorption  was  stud- 
ied by  diluting  carrier-free  ®*^Zn  (Interna- 
tional Chemical  and  Nuclear  Corp.)*  with 
cold  ZnCU  in  normal  saline  to  give  a  final 
concentration  of  1 .3  /xg  Zn^'*'/ml.  All  rats  in 
each  test  group  received  a  0.5-ml  dose  of 
the  radiolabeled  Zn  by  gastric  intubation. 
One  hour  following  the  administration  of 
the  isotope,  the  rats  were  decapitated, 
blood  was  collected  in  heparinized  tubes, 
and  the  entire  gastrointestinal  tracts  were 
removed.  The  radioactivity  in  the  carcasses, 
the  stomachs  and  remaining  intestinal  tracts 
were  measured  in  a  whole-body  ARMAC 
Scintillation  Detector  (Model  446,  Packard 
Instrument  Co.,  Inc.)*  by  an  Auto  Gamma 
Spectrometer  (Model  2001 ,  Packard  Instru- 
ment Co.,  Inc.)*.  Zinc  absorption  was  mea- 
sured 1  hr  after  the  oral  administration  of 
the  isotope  in  order  to  minimize  the  secre- 
tion of  zinc  back  into  the  intestine  (8).  The 
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amount  of  isotope  absorbed  into  the  body 
was  calculated  as  follows: 


%  absorbed 


carcass  ®*Zn 


carcass  H-  intestine-stomach 


In  addition,  the  livers  were  removed  and 
the  amount  of  isotope  taken  up  and  retained 
by  the  liver  was  expressed  in  a  similar  man- 
ner: 

^  .  liver  «5Zn 

%  uptake  =  -: —  . 

carcass  +  liver 

Plasma  zinc  concentrations  were  deter- 
mined by  atomic  absorption  spectrophotom- 
etry. 

Results.  Based  on  the  amount  of  isotope 
that  reached  the  intestine  from  the  stomach, 
®*Zn  absorption  was  significantly  (P  <  .005) 
higher  in  the  LEM-treated  rats  than  in 
either  the  saline  or  heat  inactivated  LEM- 
treated  controls  (Table  I).  In  addition,  LEM 
produced  a  significant  increase  in  the  he- 
patic uptake  of  ^Zn  and  decrease  in  plasma 
zinc  concentrations.  While  the  LEM  prepa- 
ration was  highly  active,  the  heat  treated 
(90°  for  30  min)  LEM  failed  to  produce  any 
changes  in  zinc  metabolism  in  the  rat;  thus, 
showing  that  the  LEM  preparation  used  in 
this  study  was  apparently  free  of  any  con- 
taminating heat-stable  endotoxins. 

Discussion.  Evans  et  al,  (9,  10)  have 
shown  that  zinc  absorption  is  inversely  pro- 
portional to  the  intestinal  and  plasma  zinc 
concentrations.  More  specifically,  Richards 
and  Cousins  (11)  have  demonstrated  that 
zinc  absorption  is  in  part  regulated  by  the 
concentration  of  metallothionein,  a  zinc 
binding  protein,  in  the  intestinal  mucosa, 
metallothionein  synthesis,  in  turn,  is  regu- 
lated by  the  amount  of  zinc  present  in  the 
intestinal  cells.  Thus,  when  the  plasma  zinc 
content  is  low,  less  zinc  enters  the  intestinal 
cells  from  the  lamina  propria  resulting  in  a 


concomitant  reduction  in  metallothionein 
synthesis.  In  turn,  more  zinc  is  transported 
across  the  cells  of  the  intestinal  mucosa  via  a 
low  molecular  weight  ligand  to  binding  sites 
on  the  basolateral  plasma  membrane  where 
it  is  removed  by  metal  binding  plasma  pro- 
teins (12). 

In  this  regard,  acute  infection  and  endo- 
toxemia  have  been  shown  to  produce  signifi- 
cant alterations  in  normal  zinc  metabolism, 
resulting  in  a  rapid  flux  of  zinc  into  the  liver, 
a  lowering  of  the  plasma  zinc  concentration 
and  an  increase  in  the  intestinal  absorption 
of  this  metal  (8).  Thus,  the  lowering  of 
plasma  zinc  due  to  the  rapid  redistribution 
of  this  metal  to  the  liver  and  possibly  lo 
other  tissues  would  explain  the  increase  in 
zinc  absorption  observed  during  the  inflam- 
matory process  according  to  our  present 
knowledge  of  zinc  homeostasis. 

The  data  from  the  present  study  demon- 
strate that  a  factor  released  from  PMN  leu- 
kocytes also  initiates  these  changes  in  zinc 
metabolism  when  PMN  leukocytes  are  ad- 
ministered to  a  normal  rat.  This  factor  has 
been  shown  to  be  present  in  the  plasma  of 
patients  with  a  variety  of  acute  infections 
(13,  14)  and  in  experimentally  infected  lab- 
oratory animals  (5).  While  LEM  may  be  a 
key  intermediate  in  altering  zinc  homeosta- 
sis during  the  inflammatory  process,  its 
mechanism  of  action  remains  somewhat  ob- 
scure. However,  LEM  also  has  been  shown 
to  induce  the  hepatic  uptake  of  plasma  free 
amino  acids  (15)  and  the  increase  synthesis 
and/or  release  of  various  acute  phase  glyco- 
proteins (16, 17).  Since  zinc  has  been  shown 
to  be  essential  for  RNA,  DNA  and  certain 
aspects  of  protein  synthesis  (18-20),  there 
may  be  a  greater  requirement  for  this  metal 
in  the  liver  during  inflammation.  While  the 
functional  role  of  zinc  in  the  liver  and  the 
mechanism  by  which  LEM  acts  to  increase 
the  hepatic  zinc  content  during  inflamma- 
tion are  still  unknown,  the  fact  remains  that 


TABLE  1.  Effect  of  LEM  on  Zinc  Absorption  and  Distribution  in  the  Rat 


Treatment  of  rat  (1  ml  ip) 


Carcass  Zn  (%  ab- 
sorbedy' 


Liver  Zn  (%  ab- 
sorbed)** 


Plasma  Zn  (/xg/lOO 


LEM 

Heat  inactivated  LEM 

Saline  control 


38.1  ±  1.9* 

22.2  ±  3.1 
22.9  ±  1.8 


52.1  ±  2.4* 
38.8  ±  2.8 
42.3  ±  0.9 


36  ±  2* 

124  ±  5 

125  ±  5 


**  Minimum  of  six  animals  ±  SE. 

*  Significantly  different  from  control  groups  {P  <  .005). 
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le  inflammatory  process  causes  a  redistri- 
ution  of  zinc  within  the  tissue  of  the  body 
dth  a  concomitant  increase  in  the  intestinal 
bsorption  of  this  metal. 
Summary,  Leukocytic  endogenous  me- 
iator  (LEM)  was  shown  to  produce  a  sig- 
ificant  increase  in  the  intestinal  absorption 
f  zinc  within  7  hr  after  its  administration  to 
ormal  rats.  Consistent  with  earlier  studies, 
.EM  also  produced  a  significant  decrease  in 
le  plasma  zinc  concentration  and  an  in- 
reased  hepatic  uptake  of  this  metal  which 
irther  demonstrates  that  LEM  may  be  a 
ey  intermediate  in  altering  zinc  homeosta- 
s  during  inflammation. 
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Tissue  extracts  from  almost  all  mamma- 
lian organs  contain  tissue  factor  activity 
which  can  promote  blood  coagulation  via 
the  extrinsic  system  (1).  Nemerson  and  Pi- 
tlick  (2)  solubilized  tissue  factor  from  bo- 
vine lung  and  brain  and  purified  the  protein 
component.  Delipidation  and  solubilization 
resulted  in  a  loss  of  coagulant  activity  which 
could  be  restored  by  recombining  the  apo- 
protein with  appropriate  phospholipids  (2, 
3).  Pitlick  et  al.  (4)  observed  that  particulate 
as  well  as  delipidated  tissue  factor  possessed 
peptidase  activity.  Tissue  factor  could  hy- 
drolyze  synthetic  di-  and  tripeptides  and 
aminoacyl-/3-naphthylamides  and  release  a 
number  of  free  amino  acids  from  the  oxi- 
dized B  chain  of  insulin. 

It  was  of  interest  to  determine  if  tissue 
factor  peptidase  activity  might  serve  the 
function  of  metabolizing  physiologically  im- 
portant peptides.  This  paper  presents  data 
demonstrating  the  ability  of  relipidated  and 
apoprotein  tissue  factor  from  bovine  lung  to 
hydrolyze  a  number  of  vasoactive  peptides 
and  hypothalamic  and  neurohypophyseal 
hormones.  Preliminary  reports  have  ap- 
peared elsewhere  (5,6). 

Materials.  Dansyl  chloride  and  dansyl 
amino  acids  were  purchased  from  Sigma 
Chemical  Co.  Additional  dansyl  amino  acid 
and  peptide  markers  were  prepared  from 
the  respective  amino  acids  and  peptides  by 
the  method  of  Gray  (7).  Polyamide  layer 
sheets,  prepared  by  the  Cheng  Chin  Trading 
Co.,    were    purchased    through    Gallard- 

'  This  work  is  taken  from  dissertations  to  be  submit- 
ted in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy  by  W.H.S.  from  Ohio 
State  University  and  D.E.B.  from  Bowling  Green  State 
University. 

^  Research  Associateship  Awardee  of  the  Faculty 
Research  Committee  of  Bowling  Green  State  Univer- 
sity. 


Schlesinger.  Synthetic  peptides  were  ob- 
tained as  follows:  substance  P  (Beckman 
Instruments,  Spinco  Division);  oxytocin  (A 
grade,  Calbiochem);  bradykinin,  Lys-bra- 
dykinin ,  Met-Lys-bradykinin ,  [Asp*  J\t^\ 
angiotensin  I,  [Asp*,Ile^]-angiotensin  II, 
bradykinin  potentiating  pentapeptide 
(BPPsa)^  and  nonapeptide  (BPPga)  from 
Bothrops  jararaca,  LH-RH,  TRF,  and  hu- 
man fibrinopeptide  A  (Spectrum  Medical 
Industries);  MIF  and  additional  quantities  of 
LH-RH  and  oxytocin  (Dr.  Maurice  Man- 
ning, Medical  College  of  Ohio  at  Toledo); 
[Sar\Ile*]-angiotensin  II  and  [MejGly*,- 
Ile*]-angiotensin  II  (Dr.  M.  C.  Khosla, 
Cleveland  Clinic  Foundation).  All  peptides 
were  assayed  for  purity,  for  amino- terminal 
residues,  and  for  amino  acid  composition  by 
the  dansylation  method  (7).  Additional  ma- 
terials were  obtained  as  follows:  ninhydrin 
(Schwarz/Mann);  constant-boiling  hydro- 
chloric acid  (Pierce  Chemical);  2-mercapto- 
ethanol  (Eastman).  All  other  chemicals 
were  reagent  grade. 

Mixed  brain  phospholipids  were  prepared 
essentially  in  the  manner  described  by  Nem- 
erson (8).  Micellization  (3)  was  performed 
in  0.5%  sodium  deoxycholate. 

Tissue  factor  purification.  Tissue  factor 
apoprotein  was  purified  from  bovine  lung  by 
the  method  of  Nemerson  and  Pitlick  (2), 
using  hydrolysis  of  alanyl-)3-naphthylamide 
as  the  enzyme  assay  (4).  Disc  gel  electro- 

'  Abbreviations:  LH-RH,  luteinizing  honnoDe-re- 
leasing  hormone;  MIF,  melanocyte  stimulating  hor- 
mone-release-inhibiting factor  (Pro-Leu-Gly-NHj); 
TRF,  thyrotropin-releasing  factor;  [Sar'}-angiotensin 
II,  [l-N-methyIglycine]-angiotensin  II;  [Me«Gly*}-angi- 
otensin  II,  [l-N,N-dimethylglycine}-angiotensin  II; 
BPPsat  bradykinin  potentiating  peptide  (pentapeptide 
from  Bothrops  jararaca);  BPPmi,  bradykinin  potentiat- 
ing peptide  (nonapeptide  from  B.  jararaca);  DNS-. 
dansyl  (5-dimethylaminonaphthalene-l-sulfonyl). 
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is  of  purified  tissue  factor  apoprotein 
idard  gels  (9)  revealed  a  single  major 
1  band  which  barely  entered  the  sepa- 
;el  and  a  minor  contaminant  running 
le  front. 

nidation  of  tissue  factor  apoprotein, 
d  tissue  factor  apoprotein  was  relipi- 
svith  mixed  brain  phospholipids  ac- 
l  to  Nemerson  (10)  at  a  ratio  of  5.0 
ipid/mg  of  protein.  Relipidated  tissue 
contained  coagulant  activity  as  mea- 
vith  the  one-stage  prothrombin  time 
11,  12)  while  apoprotein  was  corn- 
devoid  of  coagulant  activity. 
Idase  activity.  Relipidated  tissue  fac- 
d  tissue  factor  apoprotein  control 
ssayed  for  their  ability  to  hydrolyze  a 
^{  physiologically  active  peptides  by 
ing  the  increase  in  the  appearance  of 
nino  groups  with  time  by  the  ninhy- 
sthod  (13).  Assay  mixtures  consisted 
i  ml  of  enzyme  solution  (15  /ig  pro- 
id  0.1  ml  of  0.5  mM  substrate  in  0.02 
issium  phosphate,  pH  6.8.  The  mix- 
/ere  incubated  at  37°  and  25-jLtl  ali- 
vere  removed  at  1  min  and  2.5,  5.0, 
5  hr  and  inactivated  with  1  ml  of 
rin. 

^ylation  and  chromatography  of  tissue 
peptide  incubation  mixtures.  Tissue 
peptide  incubation  mixtures  were 
ited  by  the  method  of  Gray  (7)  and 
itographed  in  order  to  identify  reac- 
oducts.  Relipidated  tissue  factor  and 
factor  apoprotein  (15  /ig  in  0.05  ml) 
[icubated  at  37°  with  0.1  ml  of  0.5 
ibstrate  in  0.02  Af  potassium  phos- 
pH  6.8.  Aliquots  (10  /il)  were  re- 
from  the  incubation  mixtures  at  1 
d  2.5,  5.0,  and  7.5  hr  and  placed  in 
rf  0.2  Af  sodium  bicarbonate  to  which 
mediately  added  25  /il  of  dansyl  chlo- 
;agent  (5  mg/ml  in  acetone).  After 
Jtion  of  the  dansylation  reaction  (1  hr 
I,  samples  were  dried  in  vacuo  and 
suspended  in  25  /il  of  acetone-0.1  N 
icid  (3:2).  A  portion  of  each  dansyl- 
action  mixture  (1 .5  /il)  was  chromat- 
ed  in  two  dimensions  on  7.5  x  7.5- 
yamide  layer  sheets  using  Solvent  I 
-90%  formic  acid,  200:3)  and  Sol- 
(benzene-glacial  acetic  acid,  9:1). 
cond  portion  of  each  dansylated  mix- 
as  acid  hydrolyzed  by  heating  the 


sample  with  constant-boiling  HCl  in  a  sealed 
tube  at  105°  for  9-16  hr.  After  removal  of 
the  HCl  in  vacuo  over  NaOH  pellets,  sam- 
ples were  resuspended  and  chromato- 
graphed  on  polyamide  layers  as  described 
above. 

Fluorescent  spots  were  detected  on  chro- 
matograms  with  an  ultraviolet  lamp  at  254 
nm  and  identified  by  comparing  /?/  values 
with  Rf  values  of  standard  dansyl  amino 
acids  and  peptides  chromatographed  sepa- 
rately in  each  solvent.  In  most  cases,  the 
identities  of  fluorescent  spots  were  con- 
firmed by  chromatographing  samples  con- 
taining selected  internal  dansyl  amino  acid 
standards.  The  individual  synthetic  peptide 
substrates  and  the  enzyme  solutions  were 
dansylated  separately  and  chromato- 
graphed, both  with  and  without  prior  acid 
hydrolysis.  These  chromatograms  served  as 
controls.  Qualitative  amino  acid  analysis  of 
each  peptide  was  determined  by  chromato- 
graphing a  sample  of  the  peptide  which  had 
first  been  acid  hydrolyzed  and  then  dansyl- 
ated. 

Chemical  methods.  Protein  concentration 
was  determined  by  the  method  of  Lowry  et 
al.  (14).  The  phosphorous  content  of  mixed 
brain  phospholipids  was  determined  by  the 
method  of  Chen  et  al,  (15). 

Results.  Effect  of  tissue  factor  on  physio- 
logically active  peptides.  Figure  1  shows  that 
both  relipidated  and  apoprotein  tissue  fac- 
tor extensively  hydrolyzed  bradykinin,  Lys- 
bradykinin,  Met-Lys-bradykinin,  substance 
P,  angiotensin  I,  angiotensin  II,  and  fibrino- 
peptide  A,  while  acting  more  slowly  on 
[Sar*]-angiotensin  II,  [Me2Gly*]-angiotensin 
II,  and  bradykinin  potentiating  pentapep- 
tide  from  B,  jararaca  (BPPsa).  LH-RH, 
MIF,  and  oxytocin  were  also  hydrolyzed 
quite  slowly  while  TRF  and  bradykinin  po- 
tentiating nonapeptide  from  B,  jararaca 
(BPPga)  were  not  hydrolyzed  at  all.  There 
was  no  difference  in  the  rate  of  hydrolysis  of 
any  of  the  peptides  by  either  relipidated 
tissue  factor  or  tissue  factor  apoprotein  un- 
der the  conditions  of  our  assay.  Dansylated 
enzyme-peptide  reaction  mixtures  chromat- 
ographed after  various  times  of  incubation 
indicated  that  relipidated  tissue  factor  and 
tissue  factor  apoprotein  degraded  peptides 
by  identical  mechanisms. 

Bradykinin.    Figure    la   shows   that   50 
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Fig.  1 .  The  effect  of  relipidated  and  apoprotein  bovine  lung  tissue  factor  on  physiologically  active  peptides. 
Relipidated  tissue  factor  or  tissue  factor  apoprotein  (15  /Ag  in  0.05  ml)  was  incubated  at  37"*  with  0.1  ml  of  0.5  mM 
substrate  in  0.02  M  potassium  phosphate,  pH  6.8.  Aliquots  (25  /xl)  were  removed  at  1  min  and  2.5,  5.0,  and  7.5 
hr  and  inactivated  with  1  ml  of  ninhydrin.  The  ninhydrin  tubes  were  developed  by  heating  in  a  boiling-water  bath 
for  20  min.  After  dilution  with  1  ml  of  l-propanol-HjO  (1:1),  samples  were  read  at  570  nm  in  a  Turner  Model  330 
spectrophotometer  with  an  Instafill  attachment.  The  absorbance  at  1  min  was  subtracted  from  the  values  at  other 
time  periods.  Graphs  in  the  figure  indicate  Ai4  as  a  function  of  incubation  time  (hours).  A  Ai4  =  0.097  represents 
50  nmoles  of  free  amino  groups  liberated  from  the  50  nmoles  of  substrate  (based  on  the  color  yield  of  leucine), 
indicating  approximately  one  bond  cleaved.  A,  Relipidated;  O,  apoprotein.  Reaction  products  were  identified  by 
dansylating  aliquots  of  incubation  mixtures  by  the  method  of  Gray  (7)  at  the  different  time  periods  given  above. 
The  dansylated  mixtures  were  chromatographed  on  polyamide  layer  sheets  either  before  acid  hydrolysis  (before 
H^)  or  else  after  acid  hydrolysis  to  release  terminal  DNS-amino  acids  from  peptides  (after  H*^).  The  figure 
indicates  those  dansyl  reaction  products  observed  after  7 .5  hr .  The  products  were  identical  for  both  relipidated  and 
apoprotein  tissue  factor.  Bis-  indicates  that  the  side  chain  functional  group  as  well  as  the  a-amino  group  of  the 
sun/no  acid  was  dansylated.  cr-His  and  c-Lys  mdicaie  \Yvax  oivVj  \\\^  oeamino  group  of  histidine  and  the  c-amino 
wp  of  lysine,  respectively,  were  dansylated. 
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nmoles  of  bradykinin  was  extensively  hydro- 
lyzed  by  15  jLtg  of  either  relipidated  or  apo- 
protein tissue  factor  as  measured  by  the  nin- 
hydrin  method.  Both  enzyme  preparations, 
when  incubated  alone,  showed  no  increase 
in  ninhydrin  color.  The  dansylated  enzyme- 


bradykinin  incubation  mixtures,  which  were 
acid  hydrolyzed  to  release  terminal  DNS- 
amino  acids  from  intermediate  peptides  and 
then  chromatographed,  also  indicated  ex- 
tensive degradation  of  the  peptide.  Since 
each  dansyl  amino  acid  observed  indicated 
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hydrolysis  of  the  peptide  bond  on  the  amino 
side  of  that  residue,  it  was  concluded  that 
tissue  factor  hydrolyzed  bradykinin  at  the 
Pro^Gly*  and  Phe^Sei*  bonds  and  at  the 
amino  side  of  at  least  one  of  the  three  pro- 
lines and  at  least  one  of  the  two  phenylala- 
nines. The  intensity  of  the  DNS-Arg  spot 
increased  with  increasing  incubation  time 
suggesting  that,  in  addition  to  the  constant 
level  of  DNS-Arg  contributed  by  the  N- 
terminal  residue,  DNS-Arg  was  also  being 
contributed  by  arginine  released  from  the  C 
terminus.  Thus,  tissue  factor  also  hydro- 
lyzed the  Phe^Arg*  bond.  Chromatograms 
of  nonacid-hydrolyzed,  dansylated  incuba- 
tion mixtures,  which  indicated  the  actual 
composition  of  the  reaction  mixtures,  re- 
vealed several  spots  having  /?/  values  identi- 
cal to  several  free  dansyl  amino  acids.  The 
presence  of  free  DNS-Gly  and  DNS-Ser  in 
the  mixture  suggested  that  the  Gly^Phe^  and 
Ser^Phe^  bonds  were  also  hydrolyzed.  Inter- 
mediate DNS-peptides  were  also  observed. 
One  peptide  had  an  N-terminal  DNS-Pro 
and  cochromatographed  with  authentic 
DNS-Pro-Pro.  This  indicated  that  tissue  fac- 
tor hydrolyzed  the  ArgTro^  bond.  A  second 
peptide  had  an  N-terminal  DNS-Ser.  The 
intensities  of  free  DNS-Ser  and  DNS-Pro 
spots  did  not  increase  as  rapidly  with  time  as 
other  free  DNS-amino  acids  confirming  that 
tissue  factor  hydrolyzed  the  Ser^Pro^  and 
Pro^Pro^  bonds  more  slowly  than  other 
bonds  in  the  molecule.  In  summary,  no 
fewer  than  six  bonds  were  cleaved  in  bra- 
dykinin. 

Lys'bradykinin.  Figure  lb  shows  that  re- 
lipidated  and  apoprotein  tissue  factor  hy- 
drolyzed Lys-bradykinin  at  about  the  same 
rate  as  bradykinin.  Dansyl  chromatograms 
indicated  that  the  mechanism  of  degrada- 
tion of  Lys-bradykinin  was  also  similar  to 
that  of  bradykinin.  The  chromatograms  of 
the  nonacid-hydrolyzed  dansylated  reaction 
mixtures  revealed  a  spot  with  /?/ values  iden- 
tical to  free  bis-DNS-Lys,  suggesting  that 
tissue  factor  also  hydrolyzed  the  Lys^Arg^ 
bond. 

Met' Lys-bradykinin.  Met-Lys-bradykinin 
was  hydrolyzed  by  tissue  factor  at  a  rate  and 
by  a  mechanism  similar  to  bradykinin  and 
Lys-bradykinin  (Fig.  Ic).  In  this  case,  the 
Met'Lys^  bond  was  also  hydrolyzed. 

Substance  P.  Figure  Id  indicates  that  tis- 


sue factor  extensively  hydrolyzed  substance 
P,  potentially  cleaving  every  peptide  bond 
in  the  molecule.  Chromatograms  of  dansyl- 
ated reaction  mixtures  at  different  periods 
of  incubation  suggested  that  the  Pro^ys*, 
Gln*Gln«,  Gln«Phe^  and  PheThe«  bonds 
were  hydrolyzed  rapidly  while  Arg'ProS 
Lys3Pro^  Phe»Gly»,  and  Leu»®Met"  bonds 
were  hydrolyzed  more  slowly.  The 
Gly^Leu'®  bond  was  cleaved  at  an  interme- 
diate rate  and  the  Met-NH2  amide  bond  was 
not  hydrolyzed  at  all.  It  was  impossible  from 
the  present  data  to  determine  whether  or 
not  the  ProKjln*  bond  was  cleaved. 

Angiotensin  IL  [Asp^Ile*]-angiotensin  II 
was  hydrolyzed  by  tissue  factor  at  a  rate  less 
than  one-half  that  of  bradykinin  (Fig.  le). 
However,  dansyl  chromatograms  indicated 
that  tissue  factor  could  degrade  angiotensin 
II  to  constituent  amino  acids.  The  chromat- 
ograms of  the  nonacid-hydrolyzed  dansyl- 
ated mixtures  revealed  the  presence  of  a 
major  intermediate  peptide  which  had  a  ter- 
minal DNS-His.  The  slow  appearance  of 
free  DNS-His  and  DNS-Pro  confirmed  that 
the  His^Pro^  bond  was  more  resistant  to 
cleavage  than  other  bonds  in  the  molecule. 

[Sar^J-angiotensin  11  and  lMe2Gly^]'angi- 
otensin  IL  Figure  le  also  shows  that  [Sar*)- 
angiotensin  II  and  [Me2Gly^]-angiotensin  II 
were  hydrolyzed  at  rates  40  and  25%,  re- 
spectively, as  fast  as  [Asp^]-angiotensin  II. 
Dansyl  chromatographic  data  indicated  that 
major  cleavage  in  these  analogs  occurred  at 
Pro^Phe*  with  the  release  of  free  phenylala- 
nine. Although  the  remainder  of  the  mole- 
cule could  be  degraded  to  constituent  amino 
acids,  the  rate  was  greatly  retarded  com- 
pared to  [Asp*]-angiotensin  II. 

Angiotensin  L  Angiotensin  I  was  hydro- 
lyzed by  tissue  factor  at  a  rate  slightly 
greater  than  angiotensin  II  and  was  also 
cleaved  at  every  peptide  bond  (Fig.  If).  The 
chromatograms  of  the  non-acid-hydrolyzed 
dansylated  reaction  mixtures  revealed  two 
major  intermediate  peptides,  both  of  which 
had  N-terminal  DNS-His  residues.  One  of 
the  peptides  had  the  same  Rf  value  as  a 
similar  spot  in  angiotensin  II  chromato- 
grams and  was  presumably  His-Pro.  The 
other  peptide  was  seen  only  in  angiotensin  I 
chromatograms  and  was  probably  His-Leu. 
The  slow  appearance  of  free  DNS-His, 
DNS-Pro,  and  DNS-Leu  confirmed  these 
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ments  and  indicated  that  the  His^Pro^ 
is*Leu'®  bonds  were  more  resistant  to 
ge  than  other  bonds  in  the  molecule, 
was  no  evidence  to  suggest,  however, 
ssue  factor  initially  released  His-Leu 
m  angiotensin  II  before  further  de- 
ig  the  active  portion  of  the  molecule. 
nan  fibrinopeptide  A.  Figure  Ig  shows 
ssue  factor  hydrolyzed  fibrinopeptide 
at  a  rate  which  suggested  only  limited 
ge  of  this  16-amino-acid  peptide, 
latograms  of  acid-hydrolyzed  dansyl- 
•eaction  mixtures  revealed  the  pres- 
oi  DNS- Asp,  suggesting  cleavage  of 

the  Ala^Asp^  or  Gly^Asp^  bond  or 
The  observed  DNS-Ala  spot  came 
the  N  terminus  of  fibrinopeptide  A. 
pot  did  not  increase  in  intensity  with 
sing  incubation  time  indicating  that 
ju^Ala*®  bond  was  not  hydrolyzed. 
omatograms  of  nonacid-hydrolyzed 
lated  samples  revealed  only  DNS-Ala, 
>ting  that  alanine  was  released  from 

terminus.  Thus,  major  cleavage  of 
^peptide  A  by  tissue  factor  occurred  at 
la'Asp^  bond,  although  the  possibility 
litional  cleavage  at  Gly^Asp^  could  not 
minated. 

dykinin  potentiating  pentapeptide  from 
araca  (BPP^g).  Figure  Ih  shows  that 
factor  hydrolyzed  BPPja  only  slowly. 
fl  chromatograms  suggested  that  pro- 
nd  alanine  were  released  from  the  C 
lus.  There  was  considerably  more 
Ala  than  DNS-Pro  in  the  acid-hydro- 
dansy lated  samples,  suggesting  that 

cleavage  may  have  taken  place  at 
Ja*  followed  by  slower  hydrolysis  of 
suiting  dipeptide,  Ala-Pro.  The  nona- 
'drolyzed  samples  revealed  the  slow 
jual  appearance  of  free  DNS-Ala  and 
Pro  confirming  this  conclusion.  There 
)me  evidence  that  tryptophan  could  be 
ed  from  BPPsa  upon  extended  incuba- 
/ith  tissue  factor. 

dykinin  potentiating  nonapeptide  from 
iraraca  (BPP^)  {pyroGlu-Trp-Pro- 
^ro-Gln-Ile-Pro-Pro),  Tissue  factor  did 
lydrolyze  BPPsa.  Dansyl  chromato- 
;  revealed  no  detectable  hydrolysis 
icts. 

RH  (pyroGlu-HiS'Trp'Ser-Tyr-Gly- 
irg-Pro-Gly-NHi).  Tissue  factor  hy- 
sed  LH-RH  slowly.  Dansyl  chromato- 


grams revealed  several  faint  spots  which 
have  not  yet  been  firmly  identified. 

MIF  (PrO'LeU'Gly-NHz).  MIF  was  also 
hydrolyzed  quite  slowly  by  tissue  factor. 
However,  dansyl  chromatograms  indicated 
that  tissue  factor  did  hydrolyze  both  peptide 
bonds  and  the  terminal  amide  bond.  Chro- 
matograms of  nonacid-hydrolyzed  dansyl- 
ated  reaction  mixtures  indicated  that  DNS- 
MIF  was  by  far  the  most  intense  spot,  con- 
firming the  ninhydrin  data.  DNS-Pro,  DNS- 
Leu,  and  DNS-Gly-NHz  were  all  faint  but  of 
equal  intensity.  This  suggested  that  hydroly- 
sis of  one  of  the  peptide  bonds  occurred 
with  difficulty  followed  by  immediate  hy- 
drolysis of  the  second  bond.  Hydrolysis  of 
the  C-terminal  amide  bond  occurred  only 
after  extended  periods  of  incubation. 

Oxytocin  (  Cy^-  Tyr-Ile- Gln-Asn-Cy^-Pro- 
LeU'Gly-NHi)'  Oxytocin  was  hydrolyzed 
very  slowly  by  tissue  factor.  Dansyl  chro- 
matograms revealed  a  variety  of  faint  spots 
indicating  that  hydrolysis  of  oxytocin  was 
possible,  albeit  with  difficulty. 

TRF  (pyroGlU'HiS'PrO'NHi).  Tissue  fac- 
tor did  not  hydrolyze  TRF.  Dansyl  chromat- 
ograms revealed  no  hydrolysis  products. 

Effect  ofl-mercaptoethanol  on  relipidated 
tissue  factor  hydrolysis  of  bradykinin.  Figure 
2  shows  that  relipidated  tissue  factor  hydrol- 
ysis of  bradykinin  was  reduced  about  90% 
in  the  presence  of  20  mM  2-mercaptoetha- 
nol  as  measured  by  the  ninhydrin  method. 
Tissue  factor  apoprotein  hydrolysis  of  bra- 


RRADYKININ  *  20mtJ^ME 


HOURS 

Fig.  2.  Effect  of  2-mercaptoethanol  on  the  hydrol- 
ysis of  bradykinin  by  relipidated  tissue  factor.  Assay 
mixtures  consisted  of  0.05  ml  relipidated  tissue  factor 
(12  /Ag  protein),  0.05  ml  of  0.05  mM  bradykinin  in 
0.02  M  potassium  phosphate,  pH  6.8,  and  0.05  ml  of 
60  mM  2-mercaptoethanol  in  the  same  buffer  (final 
concentration  of  2-mercaptoethanol  was  20  mM).  A 
control  was  run  in  which  the  2-mercaptoethanol  was 
replaced  by  buffer.  Mixtures  were  incubated  at  37*  and 
25  /a1  aliquots  were  removed  at  1  min.,  2.5  hr,  and 
5  hr  and  assayed  by  the  ninhydrin  method  as  described 
in  Fig.  1. 
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dykinin  and  angiotensin  I  was  also  reduced 
by  about  80  and  90%,  respectively,  in  the 
presence  of  20  mM  2-mercaptoethanol. 

Discussion,  The  data  presented  here  ex- 
tend the  observations  of  Pitlick  et  al.  (4)  by 
demonstrating  that  the  peptidase  activity  as- 
sociated with  bovine  lung  tissue  factor  can 
degrade  a  series  of  physiologically  signifi- 
cant peptides.  Since  tissue  factor  represents 
approximately  1%  of  the  particulate  and 
nonextractable  protein  of  bovine  lung  (2), 
the  broad  specificity  of  this  enzyme  toward 
peptide  substrates  may  implicate  it  along 
with  other  peptidases  (16)  in  a  variety  of 
physiological  activities  other  than  those  re- 
lated to  direct  initiation  of  the  extrinsic  clot- 
ting mechanism. 

Tissue  factor  can  readily  hydrolyze  the 
kinins  and  angiotensins  in  vitro.  Ryan  and 
co-workers  (17-21)  reported  earlier  that 
bradykinin  and  angiotensin  I  are  hydrolyzed 
in  the  isolated  perfused  rat  lung  by  enzymes 
which  are  probably  located  near  the  luminal 
surface  of  vascular  endothelial  cells.  Fur- 
thermore, the  pattern  of  hydrolysis  of  pep- 
tide bonds  of  bradykinin  and  its  higher  hom- 
ologs  by  perfused  lung  enzymes  is  essen- 
tially identical  to  that  reported  for  tissue 
factor  herein.  Zeldisef  a/.  (22),  using  perox- 
idase-conjugated  antibodies  raised  against 
purified  tissue  factor  apoprotein,  found  that 
the  antigen  was  located  in  highest  concen- 
tration on  the  plasma  membranes  of  vascu- 
lar endothelial  cells  from  all  tissues  studied, 
including  lung.  Inasmuch  as  tissue  factor  can 
hydrolyze  the  kinins  and  angiotensins  in  vi- 
tro and  is  known  to  be  located  at  the  site  of 
hydrolysis  in  vivo,  it  is  suggested  that  tissue 
factor  may  be  one  of  the  enzymes  involved 
in  the  metabolism  of  circulating  vasoactive 
peptides. 

Although  angiotensin-converting  enzyme 
(kininase  II)  has  been  implicated  in  pulmo- 
nary metabolism  of  circulating  kinins  (23), 
the  known  specificity  of  this  enzyme  cannot 
account  for  all  of  the  cleavages  seen  in  the 
bradykinin  molecule  upon  passage  through 
the  isolated  lung.  Furthermore,  Stewart  et 
al.  (24)  showed  that  BPPsa,  an  inhibitor  of 
angiotensin-converting  enzyme,  could  only 
reduce  the  pulmonary  inactivation  of  bra- 
dykinin in  the  rat  from  98%  to  a  plateau 
level  of  30% .  The  ability  of  lung  to  inacti- 
vate 30%  of  intravenously  injected  bradyki- 


nin in  the  presence  of  large  doses  of  BPFj, 
suggests  the  presence  of  another  inactivat- 
ing enzyme,  possibly  tissue  factor.  Tissue 
factor  was  observed  in  this  study  to  be 
greatly  inhibited  by  2-mercaptoethanol. 
Similarly,  2-mercaptoethanol  destroyed  all 
remaining  bradykininase  activity  in  lung  and 
actually  potentiated  the  effect  of  BPPja, 
perhaps  by  inhibiting  its  destruction  by  tis- 
sue factor.  It  is  noteworthy  that  although 
BPPja  is  a  more  potent  inhibitor  of  angi- 
otensin-converting enzyme  than  BPPaa  in  vi- 
tro (25),  it  is  not  as  potent  in  vivo,  having  a 
much  shorter  half-life  (26).  Correspond- 
ingly, tissue  factor  can  slowly  destroy 
BPPja,  but  leaves  BPPoa  intact  even  after  a 
7.5-hr  incubation. 

Tissue  factor  was  observed  to  degrade  an- 
giotensin I  and  II  to  constituent  amino 
acids.  Ryan  et  al.  (19,  20)  observed  that 
perfused  rat  lung  also  hydrolyzed  angioten- 
sin I  at  the  His«Pro^  ProThe®,  and  Phe^His* 
bonds  and  possibly  at  the  Tyr^Ile^  and 
Ile^His*  bonds.  Additional  cleavages  proba- 
bly occurred  at  the  amino  terminal  end  (19) 
but  were  not  identified.  Recently  Ryan  indi- 
cated (27)  that  rat  lung  also  destroyed  10% 
of  perfused  angiotensin  II,  even  though  the 
perfusate  showed  no  reduction  in  blood 
pressure  response.  Although  angiotensin- 
converting  enzyme  was,  undoubtedly,  at 
least  partially  responsible  for  cleavage  of  the 
Phe^His*  bond  of  angiotensin  I,  it  could  not 
have  hydrolyzed  any  of  the  remaining  bonds 
in  angiotensin  I  or  II  (28).  It  is  therefore 
suggested  that  tissue  factor  may  have  been 
involved  in  the  degradation  of  these  pep- 
tides. The  fact  that  tissue  factor  could  hy- 
drolyze the  His^Leu*®  bond  only  slowly  is 
consistent  with  perfusion  studies  with  [10- 
Lew-**C]-angiotensin  I  which  indicated  no 
hydrolysis  of  this  bond  by  rat  lung  in  one 
study  (19)  and  only  3%  hydrolysis  in  an- 
other study  (23).  In  this  regard,  it  might  be 
noted  that  tissue  factor  could  contribute  to 
"angiotensin-converting  enzyme"  activity  in 
crude  tissue  preparations  when  activity  is 
measured  by  the  rate  of  release  of  His-Leu 
from  angiotensin  I. 

Tissue  factor  extensively  degraded  sub- 
stance P.  Boileau  et  al.  (29)  reported  that 
substance  P  was  inactivated  12%  upon  a 
single  passage  through  the  pulmonary  circu- 
lation of  the  rat.  Since  angiotensin-convert- 
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'me  would  not  be  expected  to  hydro- 
)stance  P  because  of  its  C-terminal 
)ond  (30),  the  observed  disappear- 

this  peptide  in  lung  may  be  due  to 
sis  by  tissue  factor. 
>  previously  suggested  (4)  that  tissue 
lay  be  similar  or  identical  to  other 
-bound  peptidases  which  have  been 

in  other  organs  (31-36).  Indeed, 
ry  of  the  ubiquitous  nature  of  tissue 
12)  suggests  that  this  enzyme  may  be 
partially  responsible  for  the  destruc- 
-^asoactive  peptides  reported  for  sev- 
fused  vascular  beds  other  than  lung 
)  and  for  homogenate  and  particu- 
:tions  from  a  variety  of  tissues  (27, 
45). 

It  evidence  has  suggested  that  tissue 
lay  be  available  to  hydrolyze  circu- 
•eptides  without  at  the  same  time 
g  blood  coagulation.  Maynard  et  aL 
/e  shown  that  tissue  factor  exists  on 
side  of  plasma  membranes  of  cul- 
/ISH  amnion  cells  and  human  skin 
sts.  Yet,  tissue  factor  coagulant  ac- 
masked,  possibly  by  the  cell  surface 
hus,  it  is  possible  that  circulating 
5  could  penetrate  the  surface  coat  of 
•  endothelial  cells  and  interact  with 
ictor,  whereas  the  large  protein  mol- 
jctor  VII,  could  not.  Another  possi- 

based  on  the  suggestion  by  Smith 
an  (47)  that  enzymes  which  hydro- 
culating  peptides  may  be  located 
caveolae  intracellulares  which  are 
the  vascular  lumen  but  covered  with 
te  diaphragm,  as  is  the  case  for  5'- 
dase.  If  tissue  factor  is  located 
hese  structures,  it  is  possible  that  the 
gm  may  be  permeable  to  peptides 
)ermeable  to  circulating  factor  VII 
er  clotting  factors.  Disruption  of  the 
gm  during  tissue  damage  may  be 
ry  to  expose  tissue  factor  and  initiate 
tion. 

present  investigators  eliminated  the 
ity  that  tissue  factor  used  in  these 
is  contaminated  with  pancreatic-type 
peptidase  B;  catheptic  carboxypep- 
3,  and  plasma  carboxypeptidase  N 
nases)  since  these  enzymes  would  be 
d  to  release  the  C-terminal  arginine 
man  fibrinopeptide  A  (48).  The  fact 
ue  factor  is  active  at  neutral  pH  (4), 


is  sensitive  to  thiol-reducing  agents,  but  is 
not  affected  by  DFP,  soybean  trypsin  inhibi- 
tor or  Ca^"*"  (4)  suggests  that  this  preparation 
is  not  contaminated  by  some  of  the  several 
known  kininases  or  angiotensinases  (27, 
48).  Furthermore,  there  is  no  effect  of  CI" 
on  tissue  factor  up  to  0.1  Af  using  Leu-Gly- 
Gly  as  substrate,  suggesting  that  the  prepa- 
ration does  not  contain  angiotensin-convert- 
ing  enzyme  (28).  Clotting  and  peptidase  ac- 
tivity, however,  remain  coincident  for  the 
extensively  purified  relipidated  enzyme  (4). 

The  ability  of  tissue  factor  to  degrade 
physiologically  active  peptides  suggests  im- 
portant functions  for  this  enzyme  in  addition 
to  those  related  to  blood  coagulation.  Rec- 
ognition of  the  full  significance  of  tissue  fac- 
tor peptidase  activity  in  vivo  may  depend  on 
the  discovery  of  a  highly  specific  inhibitor 
which  will  enable  investigators  to  detect  par- 
ticipation of  tissue  factor  in  various  physio- 
logical mechanisms. 

Summary.  Tissue  factor  apoprotein  and 
relipidated  tissue  factor  preparations  exten- 
sively hydrolyze  bradykinin,  Lys-bradyki- 
nin,  Met-Lys-bradykinin,  substance  P, 
[Asp*,Ile^]-angiotensin  II,  [AspSIle*]-angi- 
otensin  I,  and  human  fibrinopeptide  A 
while  acting  more  slowly  on  [Sar*,Ile*]-angi- 
otensin  II,  [Me2Gly*,Ile^]-angiotensin  II, 
bradykinin  potentiating  pentapeptide  from 
B,  jararaca,  luteinizing  hormone-releasing 
hormone,  melanocyte  stimulating  hormone- 
release-inhibiting  factor  (Pro-Leu-Gly- 
NH2),  and  oxytocin.  No  hydrolysis  of  thyro- 
tropin-releasing  factor  or  bradykinin  poten- 
tiating nonapeptide  from  B.  jararaca  is  ob- 
served. Relipidated  and  apoprotein  tissue 
factor  act  at  identical  rates  under  the  condi- 
tions of  the  assay.  Dansylation  and  chroma- 
tography of  tissue  factor-peptide  incubation 
mixtures  further  indicate  that  relipidated 
and  apoprotein  tissue  factor  also  hydrolyze 
peptides  by  identical  mechanisms.  No  fewer 
than  six  bonds  are  hydrolyzed  in  bradykinin 
while  the  angiotensins  and  substance  P  are 
degraded  to  constituent  amino  acids.  Only 
the  N-terminal  alanine  is  released  from  fi- 
brinopeptide A.  2-Mercaptoethanol  greatly 
inhibits  the  hydrolysis  of  bradykinin  by  re- 
lipidated tissue  factor. 
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;  sarcoma  virus  (Moloney)  M- 
MuLV)  and  other  pseudotypes  of 
arcoma  virus  induce  tumors  in  in- 
It  mice  that  invariably  regress, 
mors  have  been  inappropriately 
d  rhabdomyosarcomas  or  sarco- 
rhe  major  portion  of  the  tumorous 
ing  following  intramuscular  or  sub- 
s  injection  of  virus  in  mice  is  a 
nass  (''atypical  granuloma")  which 
;ed  contain  varying  proportions  of 
t  mesenchymal  foci  (2).  Through 
f  some  of  these  tumors  in  immuno- 
deficient  mice  it  has  been  possible 
malignant  populations  of  cells  that 
progressively  and  kill  intact  synge- 
►ients.  We  have  reported  the  selec- 
ievelopment  of  hemangiosarcomas 
passage  in  thymectomized  C57BL/ 
IHf/LW  Fi  (BC3HFi)  mice  of  tu- 
luced  originally  by  M-MSV(M- 
[3).  The  hemangiosarcoma  desig- 
I'l  (4)  did  not  produce  infectious 
murine  leukemia  virus  (MuLV), 
tive  for  gs  antigen,  but  contained  a 
MSV  genome  rescuable  by 
-MuLV  (R-MuLV)  and  also  con- 
:casional  C-type  particles.  Thus, 
ntal  cell  line  resembled  the  3T3 
cell  lines  induced  in  vitro  by  M- 
.  XM'l  was  found  to  contain  virus- 
transplantation  rejection  antigens 

:4). 

derivatives  were  obtained  in  vitro 
;le  cell  isolates  of  neoplasm  XM-l 
dant  generation  47  (6).  Several 
2re  characterized  as  to  their  virus 
►n,  presence  of  gs  antigen,  growth 
istics,  and  immunogenicity  and  im- 
sitivity  in  tumor  rejection.  In  con- 
le  parental  in  vivo  passaged  XM-l 
I,  none  of  the  clones  contained  res- 
klSV.  Low  levels  of  infectious 
ere  detected  in  some  clones,  but 


the  presence  or  absence  of  MuLV  did  not 
influence  immunogenicity  or  immunosensi- 
tivity  of  these  cloned  tumors  as  detected  by 
virus-specific  tumor  rejection  (6). 

One  of  these  clonally  derived  cell  lines, 
H'll  (HP)  was  of  particular  interest.  Infec- 
tious virus  was  not  detectable,  nor  was  virus 
inducible  with  BrdU.  Preliminary  data  sug- 
gested that  H'll  (HP)  was  highly  immuno- 
genic in  in  vivo  tumor  rejection  experiments 
and  tumor  growth  was  inhibited  in  M-MSV- 
immunized  syngeneic  BC3HFi  recipients. 
We  now  report  further  experiments  that  we 
believe  distinguish  between  virus-specific, 
new  cell  surface  antigens  (TSTA)  and  virion 
antigens  in  this  nonproducer  cell  line. 

Materials  and  methods.  H-11  (HP)  cells 
were  grown  continuously  in  Eagle's  minimal 
essential  medium  with  10%  fetal  bovine  se- 
rum (GIBCO)  and  antibiotics  (100  U  of 
penicillin  and  100  /ig  of  streptomycin/ml). 
H'll  (HP)  cells  were  periodically  assayed  in 
syngeneic  mice  for  their  tumor-producing 
capacity.  After  several  passages,  progres- 
sively growing  tumors  were  produced  only 
with  large  inocula  in  the  range  of  5-10  x 
10®  cells/mouse.  Several  in  vitro  passages  of 
H-11  (HP)  examined  have  been  negative  for 
infectious  virus  by  XC  and  MSV  focus  form- 
ing assay.  By  pH]uridine  labeling  and  su- 
crose gradient  centrifugation  techniques 
there  was  no  evidence  of  virus  particles  with 
a  density  of  1.16  g/cm^  detected  in  the  su- 
pernatant, nor  was  virus  associated  with 
RNA-dependent  DNA  polymerase  de- 
tected. MSV  was  not  recoverable  by  co- 
cultivation  with  MuLV-carrier  fibroblasts  or 
superinfection  with  high-titered  M-MuLV 
or  R-MuLV.  Neither  bromo-  nor  iododeox- 
yuridine  was  capable  of  inducing  infectious 
virus.  MuLV  group  specific  antigens  (gs) 
were  also  not  detected  in  any  of  the  several 
assays  (CF  and  immunofluorescence).  Ra- 
dioimmunoassay indicates  the  presence  of 
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gp  70  (13  to  30  ng/10«  cells).  The  signifi- 
cance of  gp  70  in  tumor  rejection,  however, 
has  not  been  adequately  assessed.  It  would 
appear  therefore  that  these  nonproducer  //- 
11  (HP)  cells  contain,  in  all  likelihood,  a 
strikingly  repressed,  integrated  MSV  or 
MuLV  genome .  Loss  of  a  potentially  inte- 
grated viral  genome  does  not  appear  likely. 

Syngeneic  (BC3H)Fi  mice  were  immu- 
nized using  several  regimens  of  subcutane- 
ously  inoculated  H-ll  (HP)  cells  that  were 
trypsinized,  washed,  and  resuspended  in  se- 
rum-free medium.  Specificity  of  tumor  re- 
jection was  assayed  through  immunizations 
with  M-MSV(M-MuLV)  and  with  the  poly- 
oma virus- induced  sarcoma  #89  adapted  to 
in  vitro  growth.  Because  of  the  low  onco- 
genic potential  of  the  continuously  passaged 
H'll  (HP)  clonal  line,  tumor  challenge  was 
made  with  H-ll  passaged  in  vivo  and  then 
grown  in  tissue  culture  {H-ll  short  pas- 
sage). These  cells  were  then  aliquoted  and 
frozen .  The  TD50  of  this  standardized  prepa- 
ration was  1  X  10^  cells. 

Results  and  discussion.  It  may  be  seen 
from  the  results  of  four  separate  experi- 
ments (Figs.  1 A  and  B  and  Tables  I  and  II) 
that  immunization  with  nonproducer  H-ll 
(HP)  cells  provided  protection  in  syngeneic 
hosts  against  grafted  H-ll  tumor  cells.  This 
protection  was  evident  in  the  frequency  of 
progressively  growing  tumors  as  well  as  in 


DAYS  AFTER  TUMOUR  CHALLENGE 

Fig.  1.  Syngeneic  (BL  x  C3H)Fi  female  mice,  12 
to  16  weeks  of  age,  in  both  groups  A  and  B.  were 
immunized  with  2  x  I0«  nonproducer  H-ll  (HP)  ccBs 
subcutaneously ,  once  a  week  x  5 ,  or  with  M-MSV,  1  ml 
subcutaneously,  once  a  week  x3.  Virus  concentration 
=  5  X  10^  focus-forming  units  (ffu)/ml.  Ail  groups 
were  challenged  1 0  days  after  last  immunization  with  1 
X  lO^H'll  cells.  All  mice  in  the  A  group  received  300 
R  whole  body  X  irradiation  24  hr  prior  to  tumor  chal- 
lenge. (A A),  nontreatcd  controls;  (A ^A),  im- 
munized with  H-ll  (HP)  cells;  (O O),  immunized 

with  M-MSV.  Numbers  8+/8;  10-I-/14,  etc.  =  fraction 
of  mice  with  progressively  growing  tumors.  Days  of 
observation  =  70;  frequencies  of  tumors  did  not  change 
beyond  30  days.  Mean  age  to  death  of  controls  in  group 
B  =  32.6  days;  mean  age  to  death  of  H-ll  immunized 
mice  =  70.1  days.  H-ll  (HP)  immunized  mice  ako 
challenged  with  tumor  #89  a  polyoma  virus-induced 
sarcoma.  See  text. 


TABLE  ] 

I.  Immunologic  SPEcincrrv  of 

Immunization  wnn 
Polyoma  Virus. 

Non-Producer  H-ll  (HP)  Cells  and 

Challenge  tumor 

Immunization" 

H-ll 
(HP) 

Polyoma 

virus  or 
#89  cells 
(fraction  of  mice  with  pro- 
gressive tumors  at  70  days) 

None 

H-ll 
(5  X  10^  cells) 

#89 
(1.5  X  10*  cells) 

1/6* 
(17%) 

5/6 
(83%) 

12/ir 

(70%) 

4/17* 
(24%) 

10/12 
(83%) 

10/12 
(83%) 

"  (BC3H)F,  female  mice,  12-16  weeks  of  age,  immunized  as  follows:  H-ll  (HP)  cells  at  1-2  x  10*  cells  once  a 
week  x5;  polyoma  virus  (LID-1  strain)  inoculated  weekly  x3  at  a  concentration  of  5  x  10*  plaque-forming  units 
per  mouse;  tumor  #89  cells  inoculated  into  footpad  and  amputation  done  at  2  weeks.  Tumor  challenges  were  done 
at  2  weeks  after  the  last  immunization. 

*  Difference  in  frequency  =  0.5  >  p  >  0.01  as  compared  with  the  combined  data  obtained  with  the  other 
(polyoma  immunized  and  nonimmunized  control). 

^  Inhibition  of  tumor  growth  also  reflected  in  rate  of  growth  of  H-ll  tumor;  thus,  mean  age  to  death  of  controls 
=  40  days  and  of  H-ll  immunized  mice  =  75  days. 

"p  <  0.01  as  compared  with  the  combined  data  obtained  with  the  other  two  groups  (H-ll (HP)  immunized 
and  nonimmunized  control). 
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kBLE  II.  Immunologic  Specificity  of  Immunization  with  Nonproducer  H-ll  (HP)  Cells. 


tu- 

Fraction  of  mice  with 

progressive  tumors  (mean  radius') 
at  day 

Mean 
age  to 
death 

15 

20 

25 

35 

50 

(days) 

Immunized" 
s)      Nonimmunized 

Immunized" 
s)      Nonimmunized 

0/8 
6/8(20) 

2/8 
2/8 

2/8(2.3) 
7/8(64.5) 

2/8 
2/8 

6/8(9.5) 
7/8(>100) 

2/8 
2/8 

6/8(50) 
7/8(>100) 

7/8 
5/8 

8/8 
7/8 

46 
35 

70 
70 

hI)Fi  female  mice,  12-16  weeks  old,  immunized  with  H-ll  (HP)  tissue  culture-passaged  cells  at  2  x 
X  5;  challenged  with  tumors  H-ll  and  #89  10  days  after  last  immunization. 


of  growth,  measured  as  mean  ra- 

mean  days  to  death  of  tumorous 
reimmunization  with  the  homolo- 
is  strain  M-MSV(M-MuLV)  also  in- 
^sistance  to  challenge  with  H-ll, 
suits  along  with  those  reported  ear- 
-oup  cross-reactivity  among  several 
ultured  from  XM-1  tumor  clearly 
the  existence  on  H-ll  (HP)  cells  of 
:cific  transplantation  antigens.  Irra- 
300  R,  whole  body)  of  H-ll  (HP) 
ed  mice  before  challenge  did  not 
heir  capacity  to  reject  H-ll  synge- 
or  cells  (see  Fig.  1  A), 
pecific  nature  of  the  immune  re- 
iduced  by  nonproducer  H-ll  (HP) 
:en  in  the  results  detailed  in  Tables  I 
Tie  polyoma  virus-induced  sarcoma 

has  its  own  virus-specific  TSTA  (7) 
•gressively in//-//  (HP) immunized 
c  mice  but  was  rejected  in  mice 
ed  with  polyoma  virus  or  #89  cells. 

immunization  with  polyoma  virus 
:ells  did  not  induce  rejection  of  //- 

ear,  therefore,  from  these  data  that 
nsformed  cells  (in  this  study  using  a 
le  of  malignant  hemangiosarcoma 
ned  in  vivo)  do  contain  MSV-spe- 
face  antigens  capable  of  evoking 
itation    immunity.    Since    no   evi- 

virus  production  or  of  viral  finger- 
as  found  by  any  of  the  available 

our  cloned  H-ll  (HP)  tumor  line, 
itigens  or  surface  antigens  associ- 
1  virus  production  are  not  responsi- 
umor  rejection.  MSV-induced  new 
mtigens,  analogous  to  the  TSTA  of 
rus-induced  neoplasms,  appear  to 
nsible. 

•vey-MSV-induced  neoplasm  of  the 
*D4  hamster  and  an  M-MSV(M- 


MuLV)-induced  neoplasm  of  the  rat  both 
reported  to  be  "nonproducers"  were  shown 
previously  (8,  9)  to  possess  tumor-associ- 
ated antigens  of  the  transplantation  type;  in 
both  cases,  however,  MSV  could  be  rescued 
by  "helper"  viruses  and  both  contained  gs 
antigen.  An  MSV-associated  antigen  on  the 
surface  of  MSV-transformed  nonproducer 
cells  was  demonstrated  by  immunoelectron 
microscopy  (10).  However,  its  relationship 
with  TSTA  is  not  known.  Others  have  found 
no  evidence  for  the  existence  of  distinctive 
surface  antigens  on  nonproducer  MSV-in- 
duced neoplasms  using  serologic  (11,  12)  or 
transplantation  rejection  (13)  assays. 

Although  a  complete  MSV  genome  has 
not  been  detected,  it  cannot  be  ruled  out 
that  a  protein  of  the  viral  genome  exists  in 
H-ll  (HP)  cells  that  codes  for  the  TSTA. 
Experiments  are  in  progress  to  detect  a  por- 
tion of  the  virally  related  genome  by  molec- 
ular hybridization . 

Summary.  A  cloned  cell  line  H-ll  (HP) 
derived  from  an  MSV-induced  neoplasm  (a 
hemangiosarcoma)  was  found  to  possess  vi- 
rus-specific tumor  rejection  antigen(s).  The 
specific  nature  of  the  immune  response  was 
established  through  the  use  of  a  polyoma 
virus-induced  neoplasm  #89  both  in  cross 
imtnunization  and  cross  challenge  experi- 
ments. Virus  antigens  or  surface  antigens 
associated  with  virus  production  are  not  re- 
sponsible for  tumor  rejection  since  virus 
production  could  not  be  detected,  nor  were 
any  viral  fingerprints  of  MSV  found  by  the 
several  assays  used. 
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Ikaline  earth  element,  strontium, 
to  the  same  family  as  magnesium 
ium.  All  are  better  absorbed  in  the 
I  than  in  the  distal  small  intestine 
id  show  enhancement  of  transport 
in  D  (2,  4,  5).  Calcium  and  magne- 
e  important  nutrients,  whereas 
n  is  of  interest  as  a  contaminant  of 
I  water  in  the  form  of  its  radioactive 
.  Strontium  behaves  much  like  cal- 
its  transport  (1,  2).  Duodenal  cal- 
nsport  is  depressed  in  the  rat  with 
DT  streptozotocin  induced  diabetes 
ut  magnesium  transport  is  the  same 
trol  rats  (8).  These  effects  are  pres- 

when  duodenal  mucosal  growth  is 
d  in  diabetic  as  compared  with  con- 

We  therefore  examined  strontium 
t  and  effects  of  diabetes. 
als  and  methods.  Male  Simonsen 
Its  (Simonsen  Labs,  Gilroy,  Calif.) 
nercial  rat  chow  (Wayne  Lab  Blox, 
1 .2%;  magnesium,  0.2%;  phospho- 
%;  Allied  Mills,  LibertyvUle,  111.) 
;d.  Rats  to  be  made  diabetic  were 
single  intraperitoneal  injection  of 
repared  streptozotocin  solution  (50 
I  citrate  buffer  at  pH  4.5,  110  mg/ 
ight-matched  controls  received  cit- 
ffer  only.  Diabetic  rats  studied 
glycosuria  greater  than  2%  (Tes- 
li  Lilly  Co.)  and  fasting  blood  sugar 
)0  mg%  (Dextrostix,  Ames  Co.). 
ium  absorption  was  measured  5  or 

after  injection  in  animals  fasted 
It  but  receiving  water  ad  libitum. 
re  anesthetized  with  sodium  pento- 
(Nembutal,  40  mg/kg)  and  placed 
m  a  warm  heating  pad.  The  abdo- 
;  opened  by  a  midline  incision  and 
imon  bile  duct  ligated.  Cannulas 

rted  in  part  by  Research  Grant  AM02534, 
National  Institutes  of  Health. 


were  inserted  and  tied  in  place  so  that  duo- 
denum and  terminal  ileum  (15-25  cm  proxi- 
mal to  the  cecum)  could  be  perfused  intralu- 
minally.  The  perfusion  solution  contained 
strontium  chloride  (2.5  mAf),  sodium  chlo- 
ride (165  mAf),  and  nonabsorbed  indicator: 
polyethylene  glycol  (PEG,  1.0  g/liter),  and 
»^C-PEG  (0.6  mCi/g,  0.01  mCi/liter,  New 
England  Nuclear,  Boston,  Mass.).  Using  a 
syringe,  each  segment  was  flushed  with  5- 
10  ml  of  normal  saline  solution  followed  by 
an  air  flush.  A  10-ml  volume  of  test  solution 
contained  in  a  plastic  centrifuge  tube  was 
recirculated  through  each  segment  at  a  con- 
stant rate  of  2  ml/min  (Bowman  Pump, 
Process  and  Instruments,  Brooklyn,  N.Y.). 
To  facilitate  mixing,  the  intake  tubing  from 
the  pump  rested  at  the  bottom  of  the  reser- 
voir and  the  return  tubing  emptied  near  the 
top.  During  the  in  vivo  perfusion,  the  abdo- 
men was  closed,  kept  moist  with  saline- 
dampened  gauze,  and  rectal  temperature 
was  maintained  at  35-38**.  After  2  hr,  the 
test  solution  was  collected  in  the  reservoir 
and  blood  was  immediately  drawn  from  the 
aorta  for  determination  of  glucose  concen- 
trations. Duodenum,  terminal  ileum,  and 
the  intervening  midgut  were  excised,  resid- 
ual contents  evacuated  by  gently  pressing 
the  segment  flat  on  absorbent  paper,  and 
length  and  wet  weight  of  segments  were 
measured.  To  obtain  mucosa,  each  segment 
was  slit  lengthwise,  spread  on  a  glass  plate 
with  mucosa  up,  and  scraped  horizontally 
with  a  microscope  slide  (nonbeveled).  Tis- 
sue was  placed  in  a  pre  weighed  crucible, 
weighed,  dried  in  a  vacuum  oven  at  100**  for 
18-20  hr,  and  reweighed  to  obtain  dry 
weight. 

Strontium  concentrations  were  measured 
by  atomic  absorption  spectrophotometry 
(Perkin-Elmer,  Model  303,  Norwalk, 
Conn.)  in  aliquots  of  the  initial  perfusion 
solution  and  final  reservoir  contents.  Liquid 
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scintillation  counting  was  used  to  count  *^C- 
PEG:  0.2  ml  of  sample,  3.8  ml  of  water,  1 
drop  of  4%  stannous  chloride,  and  15  ml  of 
Bray's  scintillation  fluid.  Plastic  or  acid 
washed  (1  N  HCl)  glassware  was  used 
throughout. 

Net  transfer  rates  for  strontium  were  cal- 
culated as  follows: 

Net  transfer  (ptmoles/hr) 

^  V[Q  -  (Cf  X  '^C-PEGR)] 

hr 

where  V  is  initial  volume  (liter)  of  solution 
recirculated,  Q  and  Cf  are  the  initial  and 
final  concentrations  of  strontium  (fiM)  in 
the  luminal  solution,  *^C-PEGR  is  the  ratio 
of  initial  to  final  *^C-PEG  concentration, 
and  hr  is  hours  recirculated.  Net  transfer 
was  divided  by  both  mucosal  weight  (g)  and 
length  of  segment  (cm).  Results  are  ex- 
pressed as  mean  values  ±  one  standard  er- 
ror. The  Student's  t  test  for  unpaired  data 
was  used  for  statistical  comparisons,  and 
probability  values  less  than  0.05  were  con- 
sidered significant. 

Results  and  discussion.  Table  I  gives  mean 
data  on  body  weight  and  small  intestinal 
measurements  for  control  (C)  and  diabetic 
(D)  rats  studied  5  and  12  days  after  injec- 
tion. The  number  of  rats  used  in  the  study 
for  each  group  is  given  at  the  top  of  the  table 


and  applies  to  succeeding  tables.  Mean  body 
weight  at  time  of  injection  (Initial),  just 
prior  to  overnight  fasting  before  study  (Fi- 
nal), and  at  time  of  perfusion  (Fasted)  are 
shown  at  the  top  of  Table  I.  Body  weights 
did  not  differ  between  groups  initially.  Con- 
trol rats  gained  5-6  g/day  in  contrast  to 
diabetics  who  failed  to  gain  weight. 

Mean  total  length  and  weight  of  the  small 
intestine  was  greater  in  diabetics  at  both 
time  intervals,  but  the  increase  was  signifi- 
cant at  12  days  only.  Weight  of  small  intes- 
tine as  a  percentage  of  fasted  body  weight 
was  greater  in  diabetics  at  both  5  and  12 
days.  At  12  days,  the  percentage  for  dia- 
betics (4.7%)  was  double  that  of  controls 
(2.3%).  Total  mucosal  dry  weight  in  dia- 
betics was  13%  greater  than  in  controls  at  5 
days  and  50%  greater  at  12  days,  in  contrast 
to  no  difference  in  underlying  tissue.  Hence, 
intestinal  growth  stimulation  in  diabetic  ani- 
mals is  localized  primarily  to  the  mucosa. 

Mucosal  mass  expressed  as  dry  weight 
(mg/cm)  is  given  at  the  bottom  of  Table  I  for 
the  three  divisions  of  the  total  small  intes- 
tine. Mucosal  mass  per  centimeter  tended  to 
decline  progressively  from  duodenum  to 
ileum  for  all  groups.  Mucosal  dry  weight 
(mg/cm)  of  duodenum  and  midgut  was  sig- 
nificantly greater. in  diabetics  at  both  5  and 
12  days,  whereas  in  the  ileum,  mucosal  dry 
weight  was  greater  only  at  12  days. 


TABLE  I.  Body  Weight  and  Intestinal  Measurements  for  Control  and  Diabetic  Rats. 


Mean  data 

5  days 

12 

days 

Control 

Diabetic 

Control 

Diabetic 

(N  =  8) 

(^  =  8) 

(N  =  10) 

(TV  =  9) 

Body  weight  (g) 

Initial 

201 

207 

200 

211 

Final 

227 

196** 

269 

197** 

Fasted 

209 

175** 

246 

167** 

Total  small  intestine  length  (cm) 

94 

99 

94 

108' 

Total  small  intestine  weight  (mg) 

5323 

5864 

5562 

7802** 

(Weight     of     small     intestine/body 

2.5 

3.4** 

2.3 

4.7** 

weight)  X  100 

Dry  weight  (mg) 

Total  mucosa 

729 

822 

738 

llOl** 

Total  underlying  tissue 

422 

404 

518 

528 

Mucosal  dry  weight  (mg/cm) 

Duodenum 

8.1 

9.7* 

7.8 

11.6** 

Midgut 

8.0 

8.4* 

8.0 

9.9* 

Ileum 

6.8 

6.4 

7.4 

9.7** 

•  Diabetic  data  differ  significantly  from  control  data,p  <  0.05. 
••  Diabetic  data  differ  significantly  from  control  data,p  <  0.001. 
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TABLE  II.  Strontium  Absorption  for  Control  and  Diabehc  Groups. 


5  days 

12  days 

Control 

Diabetic 

(/Limoles/hr, 

mean 

Control 
±  SE) 

Diabetic 

per  cm  x  100 

duodenum 

ileum 
per  g  dry  wt  mucosa 

duodenum 

ileum 

57  ±  3 
18  ±  1 

74  ±4 
28  ±  3 

40  ±  4* 
16  ±  3 

44  ±  5** 

27  ±  5 

55  ±4 
16  ±  2 

77  ±  6 
23  ±3 

41  ±  3* 

12  ±  2 

37  ±  2** 

13  ±  2* 

*  Diabetic  data  differ  significantly  from  control  data,  p  <  0.05. 
^*  Diabetic  data  differ  significantly  from  control  data,  p  <  0.001. 


Strontium  absorption  data  for  duodenum 
and  ileum  of  both  control  and  diabetic 
groups  at  5  and  12  days  are  shown  in  Table 
II.  Data  are  expressed  per  centimeter  of 
segment  length  and  per  gram  of  dry  weight 
mucosa.  Absorption  per  centimeter  of 
length  defines  absorptive  capacity  of  the 
segment  and  was  lower  in  diabetics  in  duo- 
denum at  both  time  intervals.  Ileal  absorp- 
tion per  centimeter  was  about  one-third  that 
of  duodenum  for  both  groups.  Although 
mean  ileal  absorption  per  centimeter  was 
slightly  lower  in  diabetics,  differences  from 
control  values  were  not  significant.  Absorp- 
tion expressed  per  gram  of  dry  weight  of 
mucosa  defines  absorptive  specific  activity 
of  the  segment  and  shows  the  same  relation- 
ships as  per  unit  length.  Duodenal  absorp- 
tion per  gram  of  mucosa  of  diabetics  was 
half  that  of  controls.  Ileal  absorption  was 
much  less  than  duodenal  for  both  groups. 
Ileal  absorption  by  diabetics  differed  from 
controls  only  at  12  days. 

Net  luminal  water  movements  in  perfused 
segments  were  minimal  (not  shown).  In 
duodenum,  mean  values  ranged  from  2% 
net  absorption  to  8%  net  secretion.  In 
ileum,  mean  values  ranged  from  0  to  6%  net 
absorption. 

The  pattern  of  absorption  of  strontium  in 
duodenum  and  ileum  of  control  and  diabetic 
rats  (Table  II)  is  similar  to  that  previously 
observed  for  calcium  (6,  7):  duodenal  trans- 
port is  depressed.  Ileal  transport  is  less  af- 
fected, but  there  is  depression  of  specific 
absorption  in  diabetics  at  12  days.  Thus, 
diabetes  affects  strontium  and  calcium  ab- 
sorption in  the  same  manner.  Effects  of  dia- 
betes on  calcium  absorption  appear  to  be 
mediated  by  abnormal  vitamin  D  metabo- 
lism: (a)  depressed  duodenal  calcium  ab- 


sorption in  the  diabetic  rat  is  restored  to  the 
level  of  controls  by  1 ,25-dihydroxycholecal- 
ciferol,  the  vitamin  D  metabolite  that  acts 
directly  on  the  intestinal  mucosa  (9);  (b) 
duodenal  calcium  absorption  in  the  diabetic 
rats  is  also  corrected  by  extract  of  the  plant, 
Solarium  malacoxylon  (10).  Solanum  mala- 
coxylon  extract,  like  1 ,25-dihydroxychole- 
calciferol,  also  acts  directly  on  the  mucosa 
to  stimulate  calcium  absorption.  Since  vi- 
tamin D  shows  similar  effects  on  transport 
of  calcium  and  strontium  (2),  these  findings 
on  strontium  absorption  in  diabetes  fit  with 
a  defect  in  vitamin  D  metabolism  and  are 
another  example  of  parallelism  between  cal- 
cium and  strontium  transport. 

Summary.  Control  and  streptozotocin  di- 
abetic rats  were  studied  at  5  and  12  days 
after  induction  of  diabetes.  Strontium  ab- 
sorption was  measured  by  in  situ  perfusion 
of  duodenum  and  ileum.  Duodenal  absorp- 
tive capacity  (absorption  per  unit  length) 
and  absorptive  specific  activity  (absorption 
per  gram  of  dry  weight  mucosa)  were  de- 
pressed. Depression  was  present  both  at  5 
days,  when  mucosal  growth  is  similar  in  con- 
trols and  diabetics,  and  at  12  days,  when 
mucosal  growth  is  50%  greater  in  diabetics. 
Effects  of  diabetes  on  ileal  absorption  were 
minimal  in  comparison  with  effects  on  duo- 
denum. This  depression  of  duodenal  stron- 
tium absorption  in  the  diabetic  rat  is  analo- 
gous to  effects  of  diabetes  on  calcium  ab- 
sorption and  may  be  mediated  by  abnormal 
vitamin  D  metabolism. 
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was  recently  found  that  treatment  of 
(under  physiological  conditions)  with 
eron  for  only  a  few  minutes  renders 
resistant  to  virus  challenge  (presum- 
iue  to  the  "antiviral  protein").  Thus, 
lefense  mechanism  can  act  more  rap- 
!ian  does  the  spread  of  virus  in  infected 
s.  The  purposes  of  the  present  study 
to  examine  (a)  some  of  the  variables 
I  lead  to  early-appearing  resistance  in 
n  cell  cultures  and  (b)  some  molecular 
s  during  this  rapid  induction  of  resist- 

terials  and  methods.  Human  leukocyte 
eron  and  human  fibroblast  interferon 

obtained  from  the  Antiviral  Sub- 
5s  Program,  NIAID,  and  were  pro- 
l  by  methods  previously  described  (3, 
lie  interferon-induced  antiviral  activity 
leasured  by  the  inhibition  of  the  yield 
idbis  virus  hemagglutinin  in  a  single- 
yield  assay  (12).  Interferon  titers  are 

as  reference  units  per  milliliter.  Un- 
►therwise  specified,  experiments  were 
icted  in  tube  cultures  of  human  fore- 
fibroblasts  incubated  in  a  37**  water 

Culture  medium  and  diluent  was  Ea- 
medium  containing  2%  fetal  bovine 
1  and  antibiotics.  At  the  end  of  each 
ation  period,  the  interferon  was  re- 
d  and  the  cultures  washed  four  times 
Earle's  balanced  salt  solution  before 
nge  with  Sindbis  virus  to  determine 
ral  activity.  All  media  and  wash  fluids 

pre  warmed  to  37**  and  kept  warm 
ghout  the  experiment. 
ults.  Effect  of  temperature  on  the  de- 
nent  and  decay  of  the  antiviral  state.  In 
rst  series  of  experiments,  interferon  at 
temperature  was  applied  to  the  human 
:in  fibroblast  cultures  (strain  HFS-1). 

transfer  to  the  incubator  it  required 


ported  in  part  by  the  Italian  CNR. 


40  to  60  min  for  the  temperature  to  rise  to 
37**  as  determined  by  an  electronic  ther- 
mometer. As  shown  in  Fig.  1  A,  application 
of  5  units/ml  of  interferon  before  placing  the 
tubes  in  the  incubator  resulted  in  the  initia- 
tion of  viral  resistance  between  2  and  4  hr, 
with  the  resistance  becoming  maximum  at  6 
hr.  Thereafter,  resistance  remained  rela- 
tively stable  as  long  as  the  interferon  re- 
mained in  the  extracellular  fluid  (1).  Figure 
IB  shows  the  effect  on  established  antiviral 
activity  of  removal  of  interferon  as  com- 
pared with  its  retention.  Removal  of  inter- 
feron was  preceded  by  an  overnight  incuba- 
tion with  interferon  to  allow  the  prior  devel- 
opment of  full  antiviral  activity.  It  may  be 
seen  that  the  level  of  antiviral  activity 
dropped  drastically  between  10  and  15.5  hr 
after  removal  of  interferon.  In  comparison, 
the  replacement  of  interferon  resulted  in 
maintenance  of  antiviral  activity  although 
the  level  of  resistance  manifested  moderate 
fluctuation  which  is  characteristic  of  this  sys- 
tem (1;  Buckler,  C.  E.,  and  Baron,  S.,  per- 
sonal communication,  1970).  In  most 
strains  of  human  foreskin  cells  (including 
the  HR203  strain  which  was  used  in  the 
rapid  action  experiments  below)  maximum 
resistance  was  reached  at  6  hr  using  3  to  10 
units/ml  of  interferon.  However,  under  the 
same  conditions  other  human  fibroblasts  de- 
veloped maximum  resistance  at  17  to  20  hr, 
i.e.,  the  MA  308  human  nasal  polyp  cells 
(Microbiological  Associates)  and  the  contin- 
uous line,  human  U  cells  (from  Dr.  K.  Can- 
tell). 

Similar  types  of  experiments  were  per- 
formed again  in  human  foreskin  fibroblast 
cultures  (strain  HR203)  but  with  careful 
temperature  maintenance  at  37**  throughout 
the  experiment.  Figure  2  shows  the  develop- 
ment and  decay  of  antiviral  activity  after 
exposure  of  these  cells  to  10,  30,  or  300 
units  of  human  interferon  for  5  min  before 
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HOWS  AFTER  APPLICATION  OF   INTERFERON  TO  MFS-I   CELLS 


I' 

I 

8 


Fig.  1.  Development  (A)  and  decay  (B)  of  the 
antiviral  state  in  human  foreskin  cultures  treated  with  5 
units/ml  of  interferon.  The  interferon  was  applied  to 
cultures  at  room  temperature  before  immediate  incu- 
bation at  37*.  In  (B)  interferon  was  removed  and  re- 
placed with  medium  (O O)  or  removed  and  re- 
placed with  the  same  concentration  of  interferon 
(A A). 

removal  and  washing.  It  may  be  seen  that 
substantia]  resistance  to  virus  challenge  was 
present  at  the  time  interferon  was  removed 
(5  min)  and  that  the  degree  of  resistance 
continued  to  rise  so  that  between  1  and  8  hr 
after  reaction  with  interferon  resistance  was 
above  the  measurable  level. 

In  the  cultures  treated  with  10  units  of 
interferon,  decrease  of  resistance  was  meas- 
urable between  8  and  12  hr  after  removal  of 
interferon  and  resistance  was  no  longer  de- 
tectable by  the  16th  hr.  In  the  cultures 
treated  with  30  or  300  units/ml  of  inter- 
feron, the  onset  of  decreased  resistance  was 
delayed  until  12  hr  after  removal  of  inter- 
feron and  resistance  was  similarly  delayed. 

These  findings  extend  the  observation 
that  rapid  induction  of  resistance  is  influ- 
enced by  the  temperature  of  incubation  and 
the  concentration  of  interferon  (5).  Specifi- 
cally, application  of  10  or  more  units/ml  of 


human  interferon  to  human  cells,  held  con- 
stantly at  37**,  causes  rapid  development  of 
resistance  to  virus  challenge.  The  effects  of 
high  concentrations  of  interferon  at  temper- 
atures below  37**  are  being  studied.  The  de- 
cay kinetics  of  the  established  resistance  ap- 
pear to  be  approximately  the  same  whether 
the  resistance  was  induced  under  conditions 
favoring  rapid  or  slow  development  (com- 
pare Fig.  IB  to  Fig.  2). 

For  the  experiments  below,  treatment 
with  30-300  units/ml  of  interferon  for  1  to 
30  min,  at  37**,  was  considered  to  represent 
conditions  for  rapid  induction.  The  level  of 
resistance  which  develops  between  1  and  30 
min  of  treatment  is  essentially  the  same  (S). 

Effect  of  prior  chilling  of  cells  on  subse- 
quent development  of  resistcmce.  It  seemed 
possible  that  application  of  cold  or  room 
temperature  medium  to  cells  might  derange 
cellular  metabolism  for  a  prolonged  time 
after  re  warming  of  the  cells.  This  could  ac- 
count for  the  slower  development  of  resist- 
ance by  cells  exposed  to  interferon  initially 
at  room  temperature  and  subsequently  incu- 
bated (Fig.  1  A)  as  compared  with  continu- 
ous incubation  (Fig.  2).  Therefore,  develop- 
ment of  resistance  in  cells  previously  chilled 
and  then  warmed  was  compared  to  that  of 
unchilled  cells.  The  human  cell  cultures 
were  initially  exposed  to  ice  bath  tempera- 
tures for  30  min,  then  warmed  to  37**  in  a 
waterbath  and  exposed  to  100  units/ml  of 
interferon  for  4  min  before  Sindbis  vims 


0  I  2  4  8  12  16  20        24 

TIME  OF  CHALLENGE  /IFTER  RCMOMM.  OF  INTERFERON  Qiovi) 

Fig.  2.  Development  and  decay  of  the  antiviral 
state  in  human  foreskin  cultures  treated  with  10, 30.  or 
300  units/ml  of  interferon  for  5  min.  Interferon,  media, 
and  cultures  were  maintained  at  a  constant  37^. 
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nge.  The  level  of  resistance  (5  log2 
tion  of  yield)  induced  under  this  con- 

of  prior  chilling  was  equal  to  that  of 
M  cultures  constantly  maintained  at 
This  finding  mitigates  against  the  possi- 
that  chilling  of  cells  results  in  pro- 
d  impairment  of  the  ability  of  cells*  to 
nd  to  interferon. 

'^ible  priming  action  of  the  applied  in- 
7n,  It  is  possible  that  the  interferon 
id  for  a  brief  time  primes  the  cells  so 
the  challenge  virus  induces  a  more 

and  more  effective  interferon  re- 
e  (priming)  which  then  inhibits  further 
eplication  (8).  To  test  this  possibility, 
ince  induced  by  challenge  virus  was 
ed  by  actinomycin  D.  Specifically,  the 
ultures  at  37**  were  exposed  to  300 
ml  of  interferon  for  20  min,  washed 
imes,  incubated  at  37**  for  1  or  2  hr, 
len  challenged  with  Sindbis  virus  in  the 
nee  or  absence  of  10  ptg/ml  of  actino- 
I  D.  This  dose  of  actinomycin  D  in- 
d  95%  of  cellular  RNA  synthesis 
1  10  min  without  affecting  virus  syn- 
.  As  shown  in  Table  I,  actinomycin  D 
h  was  shown  to  prevent  completely  the 
tion  of  interferon  or  the  antiviral  re- 
ce  by  challenge  virus)  did  not  signifi- 
'  change  the  degree  of  resistance  as 
ared  with  cultures  challenged  in  the 
ce  of  actinomycin  D.  This  finding  indi- 
that  the  brief  exposure  of  cells  to  inter- 
did  not  function  to  prime  the  cells  to 
quent  production  of  the  antiviral  state 
e  challenge  virus. 
letics  of  the  actinomycin  D  effect.  The 

E  I.  Development  of  Resistance  after 
iiN  Exposure  to  Interferon  under  Condi- 
s  Preventing  Interferon  Induction  by 
LLENGE  Virus. 
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Fig.  3.  Actinomycin  D  timing  of  the  production  of 
the  mRNA  for  the  antiviral  protein.  Cultures  were 
treated  with  300  units/ml  of  interferon  at  37**  for  15 

(O O)  or  30  (A A)  min  before  washing  and 

incubation  for  the  indicated  times  before  applying  10 
/Lig  of  actinomycin  D  and  challenging  with  virus  2  hr 
later. 

inhibition  of  viral  growth  in  cultures  chal- 
lenged immediately  after  a  5-min  exposure 
to  interferon  does  not  necessarily  mean  that 
the  factors  responsible  for  resistance  (anti- 
viral protein)  are  produced  by  5  min.  Resist- 
ance probably  develops  prior  to  4  hr  after 
exposure  to  interferon  since  (a)  to  inhibit 
virus,  resistance  must  occur  before  virus 
replication  is  complete  (6-7)  hr  for  many 
viruses)  and  (b)  interferon  may  be  effective 
when  applied  as  late  as  2.5  hr  after  infection 
(10,  14).  To  establish  this  time  more 
closely,  the  time  of  production  of  the 
mRNA  for  the  resistance  factors  was  deter- 
mined since  it  was  shown  previously  that  the 
mRNA  is  rapidly  translated  (4).  Sets  of  cul- 
tures were  treated  with  300  units/ml  of  in- 
terferon for  15  or  30  min  at  a  constant  37''. 
After  washing  with  warm  medium,  cultures 
were  incubated  for  varying  times  before  ap- 
plying 10  fig/ml  of  actinomycin  D.  The  cul- 
tures were  then  incubated  for  an  additional 
2  hr  before  virus  challenge  so  that  any  de- 
layed translation  of  mRNA  would  have 
been  completed.  Since  this  dose  of  actino- 
mycin D  rapidly  and  irreversibly  inhibits 
95%  of  mRNA  production,  the  develop- 
ment of  resistance  plotted  against  the  time 
of  application  of  actinomycin  D  approxi- 
mates the  kinetics  of  production  of  the 
mRNA  for  the  antiviral  protein.  It  may  be 
seen  in  Fig.  3  that  the  addition  of  actinomy- 
cin D,  up  to  15  min  after  removal  of  inter- 
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TABLE  II.  Effect  of  Inhibfton  of  Protein 

Synthesis  on  Induction  of  the  mRNA  for  the 

Antiviral  Protein. 


Treatment  be- 
fore addition 
of  actinomycin 
D 


Yield  of 

sindbis  virus 

HA  (log.) 


Reduction  of 

sindbis  virus 

HA  (log.) 


None  6 

Cycloheximide  6 

Interferon  1 

Interferon  and  cycio-  1 
heximide 


"  Not  applicable. 

feron,  completely  inhibited  the  develop- 
ment of  the  antiviral  state.  When  actinomy- 
cin D  was  added  between  15  min  and  2  hr 
after  removal  of  interferon,  there  was  a 
gradual  development  of  resistance.  Since 
the  interferon  had  been  applied  initially  for 
15  to  30  min  and  since  production  of 
mRNA  did  not  begin  for  an  additional  15  to 
30  min,  it  may  be  concluded  that  the  first 
production  of  the  mRNA  began  between  30 
and  45  min  after  the  application  of  inter- 
feron. This  requirement  for  RNA  synthesis 
suggests  that  the  antiviral  protein  did  not 
exist  in  a  masked  form  prior  to  the  applica- 
tion of  interferon  but  rather  was  newly,  as 
well  as  rapidly  synthesized. 

Lack  of  requirement  of  protein  synthesis 
for  transcription  of  the  mRNA  for  the  anti- 
viral protein.  It  was  previously  demon- 
strated (under  conditions  of  slower  induc- 
tion of  the  antiviral  state)  that  the  mRNA 
for  the  antiviral  protein  was  directly  induced 
by  interferon  and  did  not  require  the  pro- 
duction of  a  new  protein  for  this  derepres- 
sion (4).  This  demonstration  was  based  on 
the  production  of  the  mRNA  in  the  absence 
of  protein  synthesis  and  its  subsequent 
translation  into  the  antiviral  protein  in  the 
presence  of  actinomycin  D.  To  help  deter- 
mine whether  rapid  induction  of  the  mRNA 
for  the  antiviral  protein  also  did  not  require 
the  prior  induction  of  a  new  protein,  the 
cells  were  treated  with  100  units/ml  of  inter- 
feron for  2  hr  in  the  presence  or  absence  of 
an  inhibitor  of  protein  synthesis,  cyclohexi- 
mide (10  ptg/ml).  Protein  synthesis  was  in- 
hibited by  92%.  Cycloheximide  inhibition 
was  then  reversed  by  washing  the  cultures 
with  warm  medium,  and  10  pig/ml  of  actino- 
mycin D  was  added  before  virus  challenge. 


Since  mRNA  for  the  antiviral  protein  may 
be  produced  in  the  presence  of  cyclohexi- 
mide but  not  later  in  the  presence  of  actino- 
mycin D,  any  development  of  resistance 
(antiviral  protein)  would  indicate  direct  in- 
duction of  the  mRNA  for  the  antiviral  pro- 
tein without  a  requirement  for  a  new,  inter- 
mediary protein.  As  shown  in  Table  II,  fiiD 
resistance  does  develop  in  the  presence  of 
the  inhibitor  treatment,  confirming  the  lack 
of  requirement  for  a  new,  intermediary  pro- 
tein. 

Discussion,  The  results  presented  here  in- 
dicate that  the  rapid  development  of  resist- 
ance following  interferon  treatment  was  not 
observed  previously  (1)  for  two  reasons. 
First,  holding  interferon-treated  cultures  at 
4**  or  at  room  temperature  delays  up  to  60 
min  the  time  at  which  cell  cultures  reach 
incubator  temperature  for  normal  metabolic 
activity.  Second,  the  earlier  experiments 
were  performed  with  levels  of  interferon 
below  those  required  for  rapid  induction. 
The  present  findings  extend  the  observation 
that  10  or  more  units/ml  of  interferon  rap- 
idly induce  resistance.  Thus,  under  condi- 
tions of  temperature  and  interferon  concen- 
tration which  mimic  those  in  vivo  (5),  the 
antiviral  action  of  interferon  is  extremely 
rapid. 

The  kinetics  and  the  molecular  events  in- 
volved in  rapid  induction  of  resistance  ap- 
pear to  be  qualitatively  similar  to  those  oc- 
curring during  slow  induction  of  resistance 
but  the  rate  is  increased.  Thus,  after  brief 
exposure  to  interferon,  the  mRNA  for  the 
antiviral  protein  first  appears  between  30 
and  45  min.  If  translation  of  the  human 
mRNA  is  as  rapid  as  in  the  mouse  system. 
then  the  antiviral  protein  probably  is  pro- 
duced shortly  thereafter  (4).  It  is  notewor- 
thy that,  although  substantial  resistance  oc- 
curs after  very  brief  exposure  to  interferon, 
maximum  antiviral  activity  does  not  occur 
until  2  to  4  hr  (5). 

Studies  are  underway  to  help  determine 
whether  rapid  development  of  resistance  re- 
sults from  the  previously  observed,  cell- 
bound  interferon  (2,  6,  9,  11,  13). 

The  present  experimental  conditions  pro- 
vide a  time  period  during  genetic  derepres- 
sion when  the  inducer  may  no  longer  be 
present  and  the  induction  has  not  yet  oc- 
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curred.  This  possibility  is  being  tested. 
Study  of  the  cellular  events  between  inducer 
reaction  with  the  cell  and  the  derepression 
of  the  cistron  might  be  possible  in  this  sys- 
tem. 

Summary,  The  present  study  was  under- 
taken to  examine  some  factors  which  lead  to 
early-appearing  resistance  in  human  cells 
treated  with  interferon.  It  was  previously 
shown  that  two  conditions  required  for 
rapid  development  of  resistance  were  con- 
tinuous maintenance  of  cultures  at  37**  and 
use  of  more  than  10  units/ml  of  interferon. 
The  decay  kinetics  of  the  established  resist- 
ance appear  to  be  approximately  the  same 
whether  the  resistance  was  induced  under 
conditions  favoring  rapid  or  slow  develop- 
ment. With  the  use  of  actinomycin  D  it  was 
shown  that  the  mRNA  for  the  antiviral  pro- 
tein is  produced  between  30  and  45  min 
after  the  first  contact  with  interferon.  Ruled 
out  were  the  possibilities  that  a  priming  ac- 
tion of  interferon  and  a  newly  synthesized 
intermediary  protein  were  necessary  for 
rapid  development  of  resistance. 
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Since  the  discovery  of  interferon  (IF),  in- 
vestigators have  sought  to  utilize  this  anti- 
viral agent  clinically.  One  potential  use  of  IF 
would  be  in  treating  or  preventing  viral  res- 
piratory tract  infections,  since  it  has  been 
implicated  in  recovery  from  such  infections 
(3).  In  addition,  the  antigenic  diversity  of 
viral  pathogens  complicates  control  by  con- 
ventional vaccination  approaches. 

Most  clinical  trials  with  intranasally  ap- 
plied IF  have  failed  to  show  efficacy  (8). 
However,  Merigan  et  al.  recently  demon- 
strated that  clinical  efficacy  against  a  rhino- 
virus  challenge  was  achieved  when  large 
quantities  of  human  leukocyte  IF  were  ad- 
ministered (10). 

Because  several  reports  have  indicated 
that  various  body  fluids  are  capable  of  in- 
hibiting IF  (4,  5,  14),  we  examined  human 
nasal  secretions  for  the  presence  of  an  inhib- 
itor that  could  account  for  the  apparent 
large  dose  requirement  necessary  for  clinical 
efficacy.  The  effect  of  human  nasal  secre- 
tions on  the  antiviral  activity  of  both  human 
fibroblast  and  leukocyte  IF  was  investigated 
because  of  the  described  antigenic  and  bio- 
chemical differences  between  leukocyte  and 
fibroblast  IF  (1,  15). 

Materials  and  methods.  Nasal  secretions. 
Nasal  secretions  from  healthy  volunteers 
were  collected  and  concentrated  10-fold  by 
a  previously  described  procedure  (13).  To- 
tal protein  concentrations  were  determined 
by  the  technique  of  Lowry  et  al.  (9). 

Interferon  preparations.  Both  human  fi- 
broblast and  leukocyte  IF  were  provided  by 
the  Antiviral  Substances  Program  of  the  Na- 
tional Institute  of  Allergy  and  Infectious 

'  This  work  was  supported  by  Contract  AI-42530 
from  the  Infectious  Diseases  Branch,  National  Institute 
of  Allergy  and  Infectious  Diseases,  National  Institutes 
of  Health,  Bethesda,  Maryland  20014. 


Diseases.  Fibroblast  IF  was  prepared  by 
Havell  and  Vildek  (7)  using  human  foreskin 
fibroblasts  and  polyriboinosinic  :polyribo- 
cytidylic  acid  as  the  inducer.  Leukocyte  IF 
was  prepared  from  buffy  coat  leukocytes 
stimulated  with  Sendai  virus  and  purified 
according  to  the  technique  of  Cantell  (2). 

Cell  cultures.  Human  foreskin  fibroblasts 
(cell  strain  HR-202)  from  HEM  Research 
Inc.  (Rockville,  Md.)  were  used  to  assay  IF. 
Mouse  L-cells  were  used  for  plaque  assays 
of  vesicular  stomatitis  virus  (VSV).  Both 
cell  lines  were  propagated  in  Eagle's  mini- 
mum essential  medium  with  Earle's  salts 
(MEM)  purchased  from  Grand  Island  Bio- 
logical Co.  (Grand  Island,  N.Y.).  MEM  was 
supplemented  with  10%  heat  inactivated  fe- 
tal bovine  serum  (FBS),  penicillin  (100 
units/ml),  streptomycin  (100  pig/ml),  and/- 
glutamine  (10  mAf ).  Cells  were  cultured  at 
3T  in  an  atmosphere  of  5%  CO2  and  95% 
air. 

Interferon  assay.  A  yield  reduction  assay 
was  used  to  measure  IF  activity.  Samples  for 
assay  were  diluted  in  MEM  containing  5% 
FBS  and  1-ml  aliquots  were  added  in  dupli- 
cate to  HR-202  cell  monolayers  (1.0  x  10« 
cells)  in  10  X  35-mm  plastic  petri  dishes 
(Lux  Scientific  Corp.).  After  incubation  at 
37°  for  18-24  hr,  the  medium  was  removed 
and  the  cells  were  washed  once  with  phos- 
phate-buffered saline  (PBS)  deficient  in  cal- 
cium and  magnesium  ions  (6).  The  HR-202 
monolayers  were  then  challenged  with  VSV 
at  a  multiplicity  of  infection  of  at  least  10. 
After  adsorption  for  1  hr  at  37**,  the  inocu- 
lum was  removed  and  the  cells  were  washed 
four  times  with  PBS.  The  monolayers  were 
then  refed  with  2  ml  of  MEM  containing 
2%  FBS  and  incubated  at  37**.  After  24  hr, 
the  fluid  was  collected  and  centrifuged  at 
1400g  for  10  min,  and  the  supernatant  fluid 
was  frozen  at  -70°  until  assayed  for  VSV. 
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Virus  yields  were  determined  by  plaque  as- 
say in  L-cells.  One  unit  of  IF  was  defined  as 
that  dilution  of  the  original  sample  which 
reduced  the  VSV  yield  by  50%  compared  to 
controls.  In  this  system,  5  units  of  IF  were 
equivalent  to  1  unit  of  the  human  IF  re- 
search standard  69/19  from  the  Medical  Re- 
search Council  (Mill  Hill,  London,  Eng- 
land). An  internal  standard  was  included 
with  most  assays  and  the  titer  did  not  vary 
more  than  twofold. 

Results.  Effect  of  nasal  secretions  on  vary- 
ing doses  of  human  fibroblast  IF.  To  deter- 
mine the  effect  of  nasal  secretions  on  fibro- 
blast IF,  0.15  ml  of  concentrated  nasal  se- 
cretions from  10  individuals  was  each  mixed 
well  with  an  equal  volume  of  MEM  (without 
serum)  containing  75,  750,  or  7500  units  of 
fibroblast  IF.  As  controls,  the  same  quanti- 
ties of  IF  were  mixed  with  MEM.  All  mix- 
tures were  incubated  for  4  hr  at  34°,  to 
simulate  the  temperature  of  the  upper  respi- 
ratory tract.  The  volume  of  each  sample  was 
then  increased  to  3.0  ml  to  yield  final  IF 
concentrations  of  25,  250,  or  2500  units/ml, 
and  1 .0-ml  aliquots  were  assayed  for  IF  ac- 
tivity. Twenty-five  units  of  fibroblast  IF  in- 
cubated with  MEM  reduced  the  virus  yield 
from  7.0  X  10«  plaque  forming  units  (PFU)/ 
ml  (control)  to  1.1  x  10«  PFU/ml  (Fig.  1). 
However,  when  the  same  amount  of  IF  was 
incubated  with  nasal  secretions  from  10  in- 
dividuals, an  equivalent  reduction  in  virus 
yield  did  not  occur.  Yields  of  VSV  varied 
from  6.6  X  lOMo  9.4  X  10^  PFU/ml,  repre- 
senting a  6-  to  85-fold  increase  in  virus  yield 
and  a  loss  of  38  to  91  %  of  the  IF  activity. 
The  mean  virus  yield  from  cells  treated  with 
IF  and  nasal  secretions  was  increased  by 
more  than  2  standard  deviations  over  the  IF 
control  virus  yield.  The  loss  of  IF  activity 
was  attributable  to  interaction  with  nasal 
secretions,  since  nasal  secretions  alone  in 
this  assay  system  increased  the  virus  yield  by 
an  average  of  only  1.7-fold.  The  inhibition 
of  IF  activity  was  overcome  when  the  same 
nasal  secretions  were  incubated  with  250  or 
2500  units  of  fibroblast  IF  (Fig.  1). 

Comparison  of  the  effect  of  nasal  secre- 
tions on  human  fibroblast  and  leukocyte  IF. 
Six  nasal  secretion  specimens  were  incu- 
bated with  approximately  25  units  of  human 
fibroblast  or  leukocyte  IF  (Fig.  2).  Three  of 
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Fig.  1.  Effect  of  human  nasal  secretions  on  the 
antiviral  activity  of  human  fibroblast  interferon  (IF). 
The  results  following  incubation  of  10  individual  nasal 
secretions  (NS)  with  25.  250.  or  2500  units  of  IF  are 
represented  by  dots;  geometric  means  are  represented 
by  open  bars. 

the  nasal  secretions  incubated  with  fibro- 
blast IF  did  not  significantly  increase  virus 
yields  and  therefore  did  not  inhibit  IF.  How- 
ever, three  other  nasal  secretions  did  in- 
crease virus  yields  by  13-  to  18-fold.  In  this 
experiment  the  mean  increase  in  virus  yield 
was  also  2  standard  deviations  greater  than 
the  IF  control.  In  contrast  to  the  results 
obtained  with  fibroblast  IF,  five  of  these  six 
nasal  secretions  did  not  significantly  en- 
hance virus  yields  when  incubated  with  leu- 
kocyte IF. 

Similar  experiments  have  been  repeated 
with  a  total  of  28  nasal  secretions  from  dif- 
ferent individuals.  Using  a  fourfold  increase 
in  virus  yield  as  evidence  of  inhibition  of  IF 
activity,  57.1%  of  the  nasal  secretions 
tested  inhibited  fibroblast  IF,  whereas  only 
10.7%  of  the  same  nasal  secretions  in- 
hibited leukocyte  IF  (Table  I).  Moreover,  a 
4.6-fold  increase  in  virus  yield  was  the 
greatest  increase  noted  with  leukocyte  IF, 
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Fig.  2.  Effect  of  human  nasal  secretions  on  the 
antiviral  activity  of  human  fibroblast  and  leukocyte 
interferon.  The  results  following  incubation  of  six  indi- 
vidual nasal  secretions  (NS)  with  approximately  25 
units  of  fibroblast  or  leukocyte  interferon  are  repre- 
sented by  dots;  geometric  means  are  represented  by 
open  bars. 

whereas  nasal  secretions  showing  inhibitory 
activity  toward  fibroblast  IF  caused  an  aver- 
age virus  yield  increase  of  15.7-fold. 

To  rule  out  the  possibility  that  leukocyte 
IF  was  simply  less  sensitive  than  fibroblast 
IF  to  the  inhibitor  in  nasal  secretions,  in- 
creasing amounts  of  nasal  secretions  were 
incubated  with  fibroblast  or  leukocyte  IF. 
To  conduct  this  and  subsequent  experi- 
ments, a  nasal  secretion  pool  was  prepared 
by  combining  the  secretions  obtained  from 
25  volunteers. 

Fifty  units  of  fibroblast  or  leukocyte  IF  in 
a  constant  volume  (0.15  ml)  were  incubated 
with  0.075,  0.15,  0.3,  or  0.6  ml  of  the  nasal 
secretion  pool.  This  gave  a  ratio  (volume  of 
nasal  secretion  to  volume  of  IF)  of  0.5:1, 
1:1,  2:1,  or  4:1,  respectively.  Neither  IF 
preparation  was  noticeably  affected  by  incu- 
bation with  increasing  volumes  of  MEM 


(Fig.  3).  In  addition,  the  increase  in  nasal 
secretion  volume  did  not  result  in  a  concom- 
itant increase  in  virus  production  in  the  ab- 
sence of  IF.  However,  when  increasing  vol- 
umes of  the  nasal  secretion  pool  were  incu- 
bated with  fibroblast  IF,  a  linear  increase  in 
virus  yield  (decrease  in  IF  activity)  was 
noted;  a  4:1  volume  ratio  of  nasal  secretiofl 
to  IF  resulted  in  total  inhibition  of  50  units 
of  fibroblast  IF.  In  contrast,  leukocyte  IF 
was  not  inhibited  by  increasing  amounts  of 
nasal  secretions. 

Preliminary  characterization  of  the  IF  in- 
hibitor(s)  in  nasal  secretions.  In  three  sepa- 

TABLE  I.  Number  of  Nasal  Secretions  (NS) 
Showing  iNHiBmoN  of  Interferon  AcnvnY. 


Experi-     Num- 
ment       bcr  of 

NS 


Number  of  nasal  secretions 

showing  inhibitory  activity 

against' 


Fibroblast 
IF 


Leukocyte 
IF 


1 
2 
3 
4 
5 
Totals 


6 
6 

7 

7 

2 

28 


6 

3 
3 
3 
1 
16(57. 


%) 


0 

1 
1 
1 
0 
3(10.7%) 


"  Defined  as  an  increase  in  virus  yield  of  fourfold  or 
greater  compared  to  the  interferon  control. 
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VaUME  NAML  SECTION  OR  MEM  :  VOLUME  INTERFERON  (SO  UNITS) 

Fig.  3.  Effect  of  increasing  volumes  of  nasal  seoe- 
tions  (NS)  on  the  antiviral  activity  of  human  fibroblist 
and  leukocyte  interferon  (IF). 
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experiments,  the  inhibitory  activity  was 
test  in  those  nasal  secretions  with  the 
est  total  protein  determinations.  Initial 
npts  to  identify  this  inhibitor  in  nasal 
^tions  were  carried  out  by  incubating 
»blast  IF  with  pure  preparations  of  three 
le  major  proteins  [i.e.,  albumin,  lyso- 
s  and  IgA  (11,  12)]  found  in  nasal  se- 
ons.  A  range  of  physiological  concen- 
ons  of  albumin  (0.1,  1.0,  and  10.0  mg/ 
Behring  Diagnostics),  lysozyme  (0.1, 
and  10.0  mg/ml.  Miles  Laboratories), 
7S  IgA  (0.15,  1.5,  and  15.0  mg/ml, 
ring  Diagnostics)  did  not  possess  inhibi- 
activity.  Therefore,  to  characterize  the 
•erties  of  the  inhibitor  in  nasal  secre- 
»,  portions  of  the  nasal  secretion  pool 
:  subjected  to  the  following  treatments 
then  tested  for  inhibitory  activity.  Nasal 
^tions  were  dialyzed  for  3  hr  against 
I  changes  of  400  ml  of  PBS.  The  inhibi- 
^as  nondialyzable.  Heating  at  56^  for  1 
d  not  deplete  nasal  secretions  of  inhibi- 
activity.  Portions  of  the  nasal  secretion 

were  incubated  at  37**  for  1  hr  with 
iin  (5  mg/ml.  Flow  Laboratories,  Inc.). 
reaction  was  stopped  by  the  addition  of 

at  a  final  concentration  of  33%.  The 
>itor  was  not  destroyed  and  the  pres- 

of  the  increased  serum  concentration 
lot  appear  to  influence  the  IF  assay, 
le  nasal  secretion  pool  was  also  mixed 
inuously  with  10  vol  of  ether  for  5  min. 

aqueous  phase  was  dialyzed  against 

and  tested  for  inhibitory  activity.  Fol- 
ig  this  treatment,  the  nasal  secretion 
did  not  inhibit  IF.  Portions  of  the  nasal 
jtion  pool  were  subjected  to  100,000!g 
I  hr  in  a  Beckman  Model  L3-50  ultra- 
rifuge  using  a  Type  40  rotor.  After  cen- 
gation,  the  top  two-thirds  of  the  fluid 
recentrifuged  at  100,00Qg  for  2  hr.  The 
ntory  activity  was  found  in  the  upper 
thirds  of  the  fluid  following  the  second 
rifugation. 

scussion.  We  have  examined  human 
1  secretions  for  the  presence  of  an  inhib- 
of  human  fibroblast  or  leukocyte  IF. 
presence  of  such  an  inhibitor  might  ex- 
I  the  need  for  such  large  doses  of  leuko- 
IF  to  show  in  vivo  efficacy  (10).  The 
iral  activity  of  small  quantities  of  hu- 

fibroblast  IF  was  partially  inhibited 


when  mixed  with  human  nasal  secretions. 
This  inhibition  was  overcome  with  increased 
concentrations  of  fibroblast  IF.  Human  leu- 
kocyte IF,  however,  was  not  inhibited  by 
human  nasal  secretions. 

In  view  of  the  described  antigenic  (1)  and 
biochemical  (15)  differences  between  fibro- 
blast and  leukocyte  IF,  it  is  not  surprising 
that  biological  differences,  such  as  sensitiv- 
ity to  an  inhibitor,  do  exist.  Other  body 
fluids  which  have  been  shown  to  inhibit  fi- 
broblast IF  are  serum  (4,  14),  saliva,  cere- 
brospinal fluid,  bile,  an  extract  of  feces  (4), 
and  urine  (5).  The  same  body  fluids  were 
not  tested  against  leukocyte  IF.  However, 
an  inhibitor  of  leukocyte  IF  in  serum  has 
been  demonstrated  (Stanton  and  May,  per- 
sonal communication). 

Nasal  secretions  are  a  complex  mixture  of 
substances  which  include  at  least  12  of  the 
proteins  found  in  plasma  (12)  as  well  as  six 
components  which  cannot  be  detected  in 
plasma  (11).  Although  our  results  do  not 
allow  a  definitive  identification  of  the  inhibi- 
tor, three  of  the  major  proteins  intrinsic  to 
nasal  secretions  (i.e.,  albumin,  lysozyme, 
and  7S  IgA)  do  not  appear  to  be  responsi- 
ble. The  characteristics  of  the  inhibitor 
found  in  nasal  secretions  resemble  those  of 
an  inhibitor  found  in  fetal  bovine  and  hu- 
man serum  (14).  These  investigators  sug- 
gested that  the  inhibitor  they  described 
might  be  associated  with  a  lipoprotein.  Our 
results  concerning  the  properties  of  the  in- 
hibitor described  in  this  report  are  not  in- 
consistent with  a  similar  interpretation. 

Although  an  inhibitor  of  human  fibroblast 
IF  was  found  in  the  present  study,  it  does 
not  explain  the  results  obtained  in  clinical 
trials  with  human  leukocyte  IF,  since  no 
inactivation  or  inhibition  of  leukocyte  IF  by 
human  nasal  secretions  could  be  demon- 
strated. The  inhibitor  of  fibroblast  IF,  how- 
ever, could  be  of  significance  if  this  prepara- 
tion were  to  be  considered  for  clinical  use. 

Summary,  Many  normal  human  nasal  se- 
cretions contain  an  inhibitor  of  human  fibro- 
blast IF.  This  inhibitor  had  no  effect  on 
human  leukocyte  IF.  The  amount  of  inhibi- 
tion of  fibroblast  IF  increased  with  increas- 
ing quantities  of  nasal  secretions.  Also,  the 
inhibition  could  be  overcome  with  increas- 
ing concentrations  of  IF. 
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meogenesis,  one  of  the  most  impor- 
ctions  of  the  rat  liver,  develops  rap- 
T  birth  but  remains  dormant  in  the 
-3).  It  is  not  clear  whether  this  is 

the  enzymatic  machinery,  though 

is  suppressed  or  because  de  novo 
s  of  gluconeogenic  enzymes  is  initi- 
ly  after  birth.  Much  of  the  available 
tion  has  been  accumulated  with  fe- 
anipulated  while  being  retained  in 
us  (4,  5).  Investigations  with  fetal 
:  in  situ  are,  however,  subject  to 
ncontrollable  variables  which  make 
tation  of  some  of  the  data  uncertain . 

of  the  inherent  limitations  of  work- 
1  intact  fetuses,  we  have  chosen  to 
tal  rat  liver  in  organ  culture  in  the 
:ion  that  this  system,  being  more  rig- 
defined  and  easier  to  control,  would 
a  model  for  studies  in  the  develop- 
perinatal  gluconeogenesis  (6). 
lier  experiments  with  fetal  rat  liver 
;,  we  found  that  gluconeogenesis 
mine  spontaneously  developed  with 
ring  incubation.  Our  results  corre- 
jH  with  the  observation  of  Mandelli 
I  and  Dodek  et  al,  (8)  that  phospho- 
jvate  carboxykinase  (EC  4.1.1.32, 
)  of  liver  spontaneously  increased 
organ  culture.  These  findings  are 
nt  with  the  conclusion  that  PEPCK 
iting  enzyme  in  the  regulation  of 
Dgenesis  in  the  perinatal  rat  (9). 
e  energy  needs  of  the  newborn  ani- 

probably  met  largely  by  lipid,  the 
tnent  in  the  liver  of  alternate  gluco- 
:  pathways  may  be  expected.  In  this 
e  present  evidence  that  the  livers  of 
)ld  fetal  rats  utilize  glycerol  and  ser- 
lot  alanine  and  lactate  as  substrates 
oncogenesis.  Fetal  livers  in  organ 
:onvert  all  substrates  to  glucose  or 


Materials  and  methods.  Fetuses  from 
anesthetized  CFE  rats  (Carworth  Farms, 
New  City,  N.Y.)  were  taken  surgically  un- 
der sterile  conditions  at  19  to  21  days  of 
gestational  age  as  determined  from  their 
weight  and  crown-rump  length  (10).  Liver 
fragments  were  established  in  culture  as  de- 
scribed by  Wicks  (11).  The  medium  was 
Eagle's  minimum  essential  medium  with 
Hanks'  balanced  salt  solution  containing 
0.11  Af  glucose  and  0.008  M  sodium  bicar- 
bonate (12).  Incubation  was  at  37**  under  a 
mixture  of  98%  air-2%  carbon  dioxide. 
Measurement  of  incorporation  of  radioac- 
tive precursors  into  glucose  and  glycogen 
are  as  described  in  a  previous  paper  (13). 
Explants  directly  incubated  with  the  radio- 
active compounds  are  called  "fresh"  livers; 
those  incubated  in  medium  for  42  hr,  then 
transferred  to  fresh  medium  containing  ra- 
dioactive precursors  are  called  "aged"  liv- 
ers. 

Results.  In  Table  I,  the  incorporation  of 
radiotracer  from  L-[U-'^C]-alanine,  l-[U- 
'^C]serine,  L-[U-'^C]lactate  or  d-[U- 
"^CJglycerol  into  glucose  and  glycogen  of 
freshly  isolated  and  "aged"  fetal  liver  are 
compared.  In  "fresh"  livers  there  was  al- 
most no  incorporation  of  label  from  [U- 
'^C]alanine  or  [U-'^C]lactate  into  glucose  or 
glycogen.  Incorporation  of  label  into  carbo- 
hydrate residues  increased  significantly  after 
42  hr  of  preincubation,  in  confirmation  of 
our  previous  results.  ['^C]alanine  and 
['^C]lactate  were  about  equally  incorpo- 
rated into  free  glucose.  Although 
[^^C]alanine  was  a  somewhat  better  precur- 
sor of  glycogen  than  was  ["^C]lactate,  their 
overall  utilization  for  gluconeogenesis  was 
not  significantly  different  because  glycogen 
comprised  only  5  to  10%  of  the  carbohy- 
drate formed. 

['^C]Serine  was  incorporated  into  both 
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TABLE  I.  Incorporation  of  Radioactive  Precursors  into  Glucose  and  Glycogen  by  Fetal  Rat 

Liver  Exflants  in  Organ  Culture.* 


Substrate 

Repli- 
cates 

Prein- 
cuba- 
tion 
(hr) 

Glycogen  (mg/g 
wet  weight) 

■«C  in  glycogen 
(dpm/dish) 

^*C  in  glucose 
(dpm/dish) 

»K:  in  toul  caibo. 
hydrate  (%  of 
dose) 

L-[U-'*Clalanine 

4 
7 

0 
42 

13.81  ±  4.25 
0.79  ±.  0.42 

43  ±  3 
250  ±  153 

0 
3890  ±  1630 

0.004  ±  O.0005* 
036     ±0.16 

L-[U-»*Cpactate 

4 
4 

0 
42 

16.1  ±  5.7 
0.93  ±  0.10 

104  ±  9 
101  ±  27 

142  ±  115 
3100  ±  520 

0.019  ±  0.008' 
0.25     ±  0.14 

L-[U-'*CJserine 

5 
6 

0 
42 

23.8  ±  1.4 
0.39  ±  0.07 

228  ±  104 
1060  ±  204 

3249  ±  239 
11060  ±  1042 

0.16   -o.oor 

0.62     -  0.05 

D-[U.'*Clglyccrol 

4 
4 

0 
42 

17.6  ±  5.1 
0.50  ±  0.12 

3470  ±  975 
1887  ±  628 

21825  ±  805 
40490  ±  7650 

1 .08     ±  0.08 
1.80     ±0.35 

'  Explants  were  from  animals  20  to  21  days  of  gestational  age.  Activities  added  to  culture  dishes  were  0.5  fiQ 
[U-'*Clalanine  (sp  act.,  140  Ci/mole);  0.5  /xCi  of  [U-'*Clglycerol  (sp  act,  1 12  Ci/mole);  0.5  $xCi  of  [U-^Xniadile 
(sp  act,  1 37  Ci/mole);  1  /xCi  of  [U-"CJserine  (sp  act,  153  Ci/mole).  Final  concentratioa  <rf  substrate  was  3.4 mM. 
Values  shown  are  means  ±  standard  error. 

*  P  <  0.005  for  comparison  of  incorporation  of  label  into  preincubated  and  freshly  isolated  U^er. 


glycogen  and  glucose  in  fresh  livers.  The 
total  incorporation  was  increased  about 
fourfold  in  aged  livers.  In  the  case  of  [U- 
'K^]glycerol,  incorporation  of  label  into  to- 
tal carbohydrate  was  initially  high  in  fresh 
liver.  Preincubation  did  not  significantly  in- 
crease gluconeogenesis  or  the  relative  distri- 
bution of  *^C  from  glycerol  into  glycogen 
and  glucose.  Under  all  conditions,  glucone- 
ogenesis from  glycerol  was  higher  than  from 
any  of  the  other  labeled  molecules  studied. 
It  will  be  noted  that  preincubation  resulted 
in  extensive  loss  of  glycogen  from  the  ex- 
plants.  The  remaining  glycogen  was  of  high 
specific  activity.  Thus,  while  glycolysis 
greatly  exceeded  glycogenesis  from  glucose, 
gluconeogenesis  appeared  to  be  the  pre- 
dominant mode  of  glycogen  s>Tithesis. 

Discussion.  We  have  found,  in  accord 
with  the  observations  of  others  (1-3),  that 
gluconeogenesis  does  not  take  place  in  rat 
liver  during  fetal  development.  However, 
gluconeogenesis  from  alanine  or  lactate  is 
initiated  after  liver  explants  are  maintained 
in  organ  culture  for  an  interval  of  42  hr. 
During  this  preliminary  incubation  period 
important  changes  occur,  as  indicated  by  the 
increased  response  of  the  tissue  to  steroid 
hormones  (11).  The  nature  of  these  changes 
is  unknown  but  may  involve  in  part  the 
destruction  of  inhibitory  hormones  and 
other  molecules.  It  is  important  to  note  that, 
even  after  preliminary  incubation,  the  rate 


of  gluconeogenesis  is  much  slower  in  ex- 
plants  than  in  the  intact  postnatal  rat. 
Where  incorporation  of  3-carbon  precunon 
is  measured  in  minutes  in  the  latter,  signifi- 
cant incorporation  requires  hours  in  the  for- 
mer. The  machinery  of  gluconeogenesis  is 
therefore  present  in  the  fetal  liver  but  in  a 
state  of  rudimentary  development. 

The  behavior  of  serine  and  glycerol  as 
gluconeogenic  substrates  in  fresh  fetal  liver 
is  consistent  with  the  conclu^on  that  the 
route  including  phosphoenolpynivate  pia)^ 
a  controlling  role  in  the  development  of  glu- 
conec^enesis  from  pyruvate,  lactate,  or  ala- 
nine. Serine  is  transformed  into  glucose  io 
two  possible  ways:  through  serine  dehydra- 
tase to  pyruvate  or  through  L-ser- 
ineipyruvate  aminotransferase  to  glyoerate. 
The  latter  route  bypasses  the  pyruvatt- 
phosphoenolpyruvate  sequence  (15-17).  In 
fresh  liver,  this  pathway  predominates;  in 
aged  liver,  the  (riiosphoenolpymvate  car- 
boxykinase-dependent  pathway  emerges  to 
provide  an  additional  port  of  entry,  and  coo- 
sequently  there  is  a  rise  in  incoiporatioo  of 
serine  into  carbohydrate.  Recent  evidoMX 
indicates  that  hydroxyproiine,  tike  serine,  is 
an  important  gluconeogenic  precursor  after 
birth  (IS).  Enhanced  utilization  of  hydroxy- 
proline  involves  conversion  of  one  of  its 
metabolites  through  serine  to  phosphogl)^* 
erate  and  thence  to  glucose. 

In  contrast  with  the  effects  of  incubatiofl 
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on  the  incorporation  of  serine  into  glucose 
and  glycogen,  incorporation  of  glycerol  is 
initially  high  in  fresh  liver  and  is  increased 
by  less  than  twofold  after  preincubation. 
This  is  because  glycerol  enters  the  gluconeo- 
genic pathway  at  the  triose  phosphate  level 
through  glycerol  kinase  which  is  known  to 
be  active  in  fetal  liver  (18-20)  and  totally 
bypasses  phosphoenolpyruvate  carboxyki- 
nase. 

The  ability  of  the  fetal  liver  to  utilize 
glycerol  more  efficiently  than  other  poten- 
tial substrates  may  reflect  the  postnatal  re- 
quirements. The  energy  needs  of  the  new- 
born are  probably  met  largely  from  lipid. 
Among  the  physiological  changes  consistent 
with  increased  lipid  metabolism  after  birth 
are  a  rise  in  plasma  free  fatty  acid,  a  fall  in 
respiratory  quotient  from  1 .0  to  0.7,  and  an 
increase  in  the  level  of  ketone  bodies  and 
glycerol  in  the  plasma.  Therefore,  glycerol, 
resulting  from  hydrolysis  of  storage  and  die- 
tary lipid,  may  be  an  important  substrate  for 
gluconeogenesis  (21,  22). 

The  preexisting  enzymes  allow  the  animal 
to  utilize  lipid  rapidly  as  a  valuable  alterna- 
tive source  of  glucose.  The  evidence,  there- 
fore, suggests  that  the  appearance  of  gluco- 
neogenesis after  birth  is  dependent  on  both 
the  net  synthesis  of  enzymes  and  the  initia- 
tion of  the  expression  of  preexisting  en- 
zymes. 

Summary,  Freshly  isolated  fetal  liver  ex- 
plants  in  organ  culture  did  not  convert  l- 
['^CJalanine  or  L-['K^]lactate  to  carbohy- 
drate, but  L-['K^]serine  and  D-['HI!]glycerol 
were  both  transformed.  When  explants 
were  subjected  to  42  hr  of  preliminary  incu- 
bation without  supplements,  followed  by 
transfer  to  fresh  medium  with  added  precur- 
sor, all  four  substrates  underwent  gluconeo- 
genic transformation.  It  was  concluded  that 
the  ability  of  fetal  rat  liver  in  organ  culture 
to  convert  alanine  and  lactate  to  carbohy- 
drate evolves  slowly,  but  the  conversion  of 
glycerol,  and  to  a  lesser  extent  serine,  to 
glucose  and  glycogen  is  initiated  immedi- 
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We  recently  reported  a  lutropin  receptor 
binding  inhibitor  (LH-RBI)  which  strongly 
inhibits  the  binding  of  *"I-labeled  ovine  lu- 
tropin ([*^I]oLH)  to  its  ovarian  receptor 
site  (1,  2).  The  LH-RBI  was  found  in  preg- 
nant and  pseudopregnant  rat  ovary,  but  was 
not  found  in  either  the  ovary  of  nonpregnant 
mature  rats  and  immature  rats  or  in  extra- 
ovarian  tissues  such  as  liver,  oviduct,  and 
testis.  The  LH-RBI  was  estimated  to  have  a 
molecular  weight  of  approximately  3800  as 
determined  by  Sephadex  G-50  column  chro- 
matography and  was  heat  stable  and  also 
protease  sensitive.  It  had  been  shown  by  us 
(1)  that  LH-RBI  did  not  appear  to  be  due  to 
endogenous  lysosomal  enzyme  activities 
(20-min  boiling  of  the  LH-RBI  did  not  de- 
stroy its  inhibitory  activity);  also,  there  was 
no  detectable  quantity  of  ['^*I]oLH  bound 
to  the  LH-RBI  (chromatographic  data).  In 
our  present  work,  we  investigate  the  effect 
of  the  LH-RBI  on  the  binding  of  [^^MJoLH 
to  testicular  LH  receptors.  The  results  show 
that  LH-RBI  does  not  inhibit  LH  binding  to 
testicular  LH  receptors,  although  the  inhibi- 
tion is  highly  significant  in  the  ovary.  Possi- 
ble implications  of  the  inhibition  pattern  for 
the  mechanism  through  which  the  LH-RBI 
exerts  its  binding-inhibitory  effect  are  dis- 
cussed in  the  present  paper. 

Materials  and  methods.  Ovine  lutropin 
was  prepared  as  described  previously  (3). 
Lutropin  was  labeled  with  *"I  using  the 
chloramine-T  method  as  described  previ- 
ously (4).  Pseudopregnancy  in  the  female 
Sprague-Dawley  rat  was  induced  at  the  age 
of  25  days  by  single  subcutaneous  injection 
with  50  lU  of  pregnant  mare  serum  gonado- 
tropin, followed  65  hr  later  by  single  subcu- 
taneous injection  of  25  lU  of  human  cho- 
rionic gonadotropin  (hCG)  as  described  by 
Parlow  (5).  Five  days  after  the  injection  of 
hCG,  ovaries  were  obtained  from  rats  sacri- 
ficed with  CO2  inhalation.  The  organs  were 


trimmed  free  of  fat  and  immediately  frozen 
on  dry  ice.  The  frozen  ovaries  were  stored  at 
-20°  unti]  use. 

The  ovarian  and  testicular  receptors  were 
prepared  as  follows:  Pseudopregnant  ova- 
ries were  homogenized  in  6  vol  of  SolutioQ 
A  (0.1  Af  Tris  buffer,  pH  7.4,  containing 
5mA/  MgCU  and  0.1  M  Sucrose,  plus  0.1% 
bovine  serum  albumin).  The  homogeniza- 
tion  was  done  with  a  glass-Teflon  tissue 
homogenizer  with  a  loose-fitting  pestk 
driven  by  motor.  The  homogenization  was 
accomplished  by  10  strokes  exactly.  Testes 
from  adult  male  rats  were  decapsulated, 
weighed,  and  homogenized  in  3  vol  of  Solu- 
tion A.  Homogenization  was  done  in  a 
Duall-type  hand  homogenizer  with  loose- 
fitting  pestle  using  exactly  20  strokes.  The 
ovarian  and  testicular  homogenates  were 
strained  through  two  thin  layers  of  cheese- 
cloth, and  filtrates  separately  centrifugedat 
5000g  for  15  min  at  4**.  The  ovarian  super- 
natant was  centrifuged  again  at  3O,00Cijfor 
15  min,  and  the  30,00(^  supernatant  was 
used  as  the  ovarian  extract  which  contained 
the  LH-RBI.  The  ovarian  pellets  were 
washed  three  times  by  centrifugation  with  8 
ml  of  Solution  A  per  wash,  resuspended  in 
Solution  A,  and  used  as  the  ovarian  recep- 
tor preparations  for  the  incubation  studies. 
In  previous  studies  (6),  it  was  found  that 
three  washes  were  adequate  to  remove  the 
LH-RBI  in  the  receptor  preparation.  Since 
the  LH-RBI  activity  was  not  present  in  the 
rat  testes  (1),  the  testicular  pellets  were 
washed  only  once,  resuspended  in  Solution 
A,  and  used  as  the  testicular  receptor  prepa- 
ration for  the  incubation  studies. 

In  a  standard  binding  assay,  an  aliquot 
(0.1  ml)  of  the  5000g  pellets  equivalent  to 
10  mg  of  ovary  or  testis,  0.1  ml  of  the 
ovarian  extract  (LH-RBI),  and  10  /il  con- 
taining 1  ng  of  ['^I]oLH  were  added  in 
sequence  in  each  tube  (Falcon  plastic  tubes. 
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5  mm).  In  some  of  the  tubes,  10  /Ltg 
)  of  unlabeled  oLH  was  added  to 
s  the  control  to  determine  the  non- 
binding  of  [^25i]oLH.  The  final  vol- 
each  tube  was  0.22  ml.  The  tubes 
icubated  for  1  hr  at  37**,  chilled,  and 
lately  centrifuged  at  12,00Qg  for  10 
V*.  The  supematants  were  withdrawn 
:  pellets  were  washed  once  with  0.5 
Solution  A.  The  tubes  were  again 
iged  and  the  pellets  obtained  were 
1  in  a  well-type  scintillation  gamma 
•  (Nuclear-Chicago,  Model  4224). 
ta  from  all  of  the  LH  binding  experi- 
lescribed  in  this  paper  represent  the 
binding  of  [*^I]oLH  to  the  ovarian 
icular  receptors.  Specific  binding  is 
I  as  the  total  binding  of  ['^siJoLH 
:he  nonspecific  binding  of  ['^I]oLH. 
icific  binding  is  the  uptake  of  labeled 
le  in  the  presence  of  1000-fold  ex- 
unlabeled  hormone  and  is  usually  8- 
f  the  total  binding.  This  amount  of 
cific  binding  was  not  further  reduci- 
idditional  wash  with  Solution  A.  The 
ance,  if  any,  of  the  nonspecific  bind- 
mknown.  Each  assay  point  was  ac- 
lied  by  a  parallel  nonspecific  binding 
ination. 

Its  and  discussion.  Evidence  that  LH- 
>es  not  inhibit  labeled  lutropin  bind- 
varian  lutropin  receptors  by  a  prefer- 
»inding  of  the  hormone  to  the  inhibi- 
tead  of  the  receptor)  or  by  a  selective 
5  of  lutropin  by  LH-RBI  is  summa- 


rized in  Table  I,  Experiment  I.  The  ['**!]- 
oLH  was  first  incubated  with  the  LH- 
RBI  for  1  hr  at  37**  before  incubation  with 
the  ovarian  LH  receptors.  The  results  indi- 
cate that  preincubation  of  labeled  lutropin 
with  LH-RBI  did  not  lead  to  greater  inhibi- 
tion of  binding,  a  result  consistent  with  ear- 
lier studies  (1)  indicating  LH-RBI  was  not 
attributable  to  either  degradative  enzymes 
or  soluble  lutropin  binding  components 
(e.g.,  soluble  receptors).  Therefore,  the  in- 
hibition seems  to  be  due  to  one  of  two 
mechanisms:  (i)  competition  between  the 
LH-RBI  and  ['^I]oLH  for  the  same  binding 
site  on  the  receptor;  (ii)  binding  of  LH-RBI 
and  [^^I]oLH  to  different  sites  on  the  recep- 
tor, with  the  binding  of  the  LH-RBI  at  the 
second  site  preventing  the  binding  of 
['^I]oLH  at  the  lutropin  binding  site. 

The  effect  of  the  LH-RBI  on  the  binding 
of  lutropin  to  the  hormone  receptors  of 
ovary  or  testis  was  next  compared.  This 
comparison  is  summarized  in  Fig.  1 .  In  view 
of  the  experimental  results  indicating  that 
the  LH-RBI  does  not  inhibit  the  binding  of 
['^I]oLH  to  testicular  LH  receptors  (Fig. 
1),  the  possibility  of  the  competition  be- 
tween the  LH-RBI  and  ['^^iJoLH  for  the 
same  binding  site  becomes  unlikely  (vide 
supra,  mechanism  (i)).  If  the  LH-RBI  in- 
hibited the  ['**I]oLh  binding  through  the 
mechanism  of  competition  for  the  same 
binding  site,  the  LH-RBI  would  have  in- 
hibited the  binding  of  [>**I]oLH  to  the  tes- 
ticular LH  receptors.  By  elimination  of  al- 


Effects  of  Incubation  Sequence  on  the  Inhibition  of  [^''IloLH  Binding  by  LH-RBI  to 
Ovarian  or  Testicular  LH  Receptors." 


Incubation 

systems 

• 

specific 
binding  of 

Inhihifinn 

Preincubation  mixture* 

Additives  after  preincubation 

of  binding 
(%) 

[»*»I]oLH  +  Solution  A« 
[»»IloLH  +  LH-RBI 
[»»*IloLH 

Ovarian  receptors 
Ovarian  receptors 
LH-RBI  +  ovarian  receptors 

23.89 

9.85 

10.15 

Control 
59 

58 

Ovarian  receptors  +  Solution  A 
Ovarian  receptors  +  LH-RBI 
Ovarian  receptors 

['"IJoLH 
[•"IJoLH 
LH-RBI  +  [»»I]oLH 

15.50 
1.95 
5.58 

Control 
88 
64 

Testicular  receptors  +  Solution  A 
Testicular  receptors  +  LH-RBI 
Testicular  receptors 

['»I]oLH 
[»»»IloLH 
LH-RBI  +  [»»IloLH 

9.66 
9.58 
9.65 

Control 

1 
0 

ietails  see  text. 

[>reincubation  and  the  final  incubation  were  carried  out  at  37**  for  1  hr  as  described  in  Methods. 
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10  20  50 

LH-RBI  (mg  ovorion  tissue) 

Fig.  1.  Different  effects  of  the  LH-RBI  on  the  spe- 
cific binding  of  ['"IloLH  to  the  SOOOg  pellets  (receptor 
preparations)  of  testicular  (O-O-O)  and  ovarian  (• — 
• — •)  homogenates.  The  pellets  were  incubated  with 
[***IJoLH  in  the  presence  of  various  concentrations  of 
the  LH-RBI  (pseudopregnant  ovary  extract,  see  meth- 
ods section).  LH-RBI  concentration  is  expressed  as 
milligram  equivalents  of  ovarian  tissue.  The  incubation 
was  carried  out  at  37*  for  1  hr  as  described  in  the 
methods  section. 

ternatives,  the  data  thus  favors  mechanism 
(ii)  {vide  supra).  One  may  argue  that  the 
failure  of  the  LH-RBI  to  show  the  inhibition 
in  the  testicular  system  could  also  be  due  to 
low  binding  affinity  of  the  LH-RBI  for  the 
LH  binding  site  in  the  testis.  We  examined 
this  possibility  using  two  criteria:  (i)  prein- 
cubating  the  testicular  receptors  with  the 
LH-RBI  for  1  hr  at  37**  before  the  addition 
of  ['^I]oLH  and  a  second  incubation  (see 
Table  I,  Experiment  III)  and  (ii)  increasing 
the  quantity  of  the  LH-RBI  for  the  incuba- 
tion from  10  mg  tissue  equivalent  up  to  40 
mg  tissue  equivalent  (Fig.  1).  Again,  how- 
ever, no  inhibition  of  the  binding  of 
['^I]oLH  to  testicular  LH  receptors  was  ob- 
served in  either  of  these  two  conditions  (Ta- 
ble I  and  Fig.  1).  Experiment  II,  Table  I, 
was  included  to  compare  ovarian  responses 
to  lutropin  and  LH-RBI  effects  on  ovarian 
tissue  under  the  same  incubation  sequences 
applied  to  the  testicular  tissue  (Experiment 
III).  Although  the  inhibition  difference  for 
the  sequence  of  addition  (Experiment  II,  88 
vs  64%)  could  be  interpreted  by  either 
mechanism  (i)  or  (ii)  (vide  supra),  these 
data,  when  considered  with  the  data  in  Fig. 


1  and  Experiment  III,  Table  I,  are  only 
consistent  with  mechanism  (ii). 

Our  suggestion  that  the  LH-RBI  inhibits 
the  LH  binding  through  the  mechanisin 
other  than  competitive  inhibition  was  abo 
supported  by  the  results  of  the  binding  ki- 
netics study.  The  ovarian  LH  receptors  were 
incubated  with  increased  concentrations  of 
['^I]oLH  in  the  absence  or  presence  of  a 
fixed  concentration  of  the  LH-RBI.  There- 
suits  were  used  to  construct  the  Scatchird 
plot  (7)  in  Fig.  2.  The  dissociation  constant, 
i.e.,  Ka  for  the  ['**I]oLH  binding,  was  es- 
sentially the  same  in  either  the  absence  or 
presence  of  the  LH-RBI.  Since  the  associa- 
tion constant  (the  reciprocal  of  K a)  of  ibt 
[^^I]oLH  binding  was  not  reduced  by  the 
presence  of  the  inhibitor,  this  would  suggest 
that  the  LH-RBI  did  not  compete  with 
['^I]oLH  for  the  same  binding  site  on  the 
receptor.  On  the  other  hand,  the  displace- 
ment of  the  curve  obtained  in  the  presence 
of  the  LH-RBI  indicated  the  total  number 
of  available  LH  binding  sites  is  significantly 
reduced  (i.e.,  the  jc-axis  intercept  is  propor- 
tional to  the  number  of  available  LH  bind- 
ing sites). 

The  phenomenon  of  "allosteric"  or  "dif- 
ferent site"  inhibition  as  applied  to  the  en- 
zyme-substrate-inhibitor    interaction    has 


I  15  ^0  25         JO 

Bound'^-oLH(x  10'*  M) 
Fig.  2.  Scatchard  plot  (7)  of  the  specific  binding  o< 
[***I]oLH  to  the  SOOOg  pellets  of  pseudopregnant  ovar- 
ian homogenates  in  the  presence  (O-O-O)  or  absence 
(•-•-•)  of  the  LH-RBI.  The  slope  is  equivalent  to  1; 
Ka;  the  Ka  was  calculated  to  be  7.56  x  IQ-**  M  (ChO 
O)  or  7.52  X  lO"*'  M  (•-#-#).  Molecular  weight  of 
ovine  LH  was  taken  as  30,000. 
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been  recognized  in  the  field  of  enzymology. 
A  similar  control  mechanism  is  also  likely  to 
occur  in  hormone-receptor  interactions. 

The  present  work  suggests  that  the  lutro- 
pin  receptor  of  ovaries,  but  not  of  testes,  has 
a  specific  LH-RBI  binding  site  in  addition  to 
the  lutropin  binding  site;  and  that  the  bind- 
ing of  the  LH-RBI  produced  an  "allosteric" 
type  of  inhibition  to  the  binding  of  lutropin 
at  the  lutropin  binding  site.  In  this  respect,  a 
demonstration  of  the  specific  binding  of  the 
LH-RBI  to  the  ovarian  lutropin  receptor 
would  serve  as  direct  evidence  for  support- 
ing the  existence  of  such  a  phenomenon. 
Since  a  preparation  of  a  homogeneous  LH- 
RBI  material  suitable  for  radioactive  label- 
ing has  not  been  achieved  in  our  laboratory, 
we  are  not  able,  at  this  stage,  to  provide  the 
direct  evidence  clarifying  this  possibility. 

Summary,  An  inhibitor  for  lutropin  re- 
ceptor site  binding  (LH-RBI),  which 
strongly  inhibited  the  binding  of  '**I-labeled 
ovine  lutropin  (['^I]oLH)  to  ovarian  LH 
receptors,  did  not  inhibit  the  [^^I]oLH 
binding  to  testicular  LH  receptors.  Preincu- 
bation of  the  LH-RBI  with  ['^^IJoLH  did 
not  affect  the  binding  of  preincubated 
[*^I]oLH  to  ovarian  LH  receptors.  No  inhi- 
bition of  [^^I]oLH  binding  to  testicular  LH 
receptors  was  observed  even  when  the  con- 
centration of  LH-RBI  was  significantly  in- 
creased or  when  the  testicular  LH  receptors 
were  first  incubated  with  LH-RBI  prior  to 
the  addition  of  [^^I]oLH  and  a  second  incu- 
bation. Scatchard  analysis  revealed  that  the 
dissociation  constant  of  ['**I]oLH  binding 
was  essentially  the  same  in  the  presence  or 


absence  of  LH-RBI.  The  results  suggest 
that:  (i)  the  lutropin  receptor  of  ovaries,  but 
not  of  testes,  has  a  specific  LH-RBI  binding 
site  in  addition  to  the  lutropin  binding  site, 
and  (ii)  the  binding  of  the  LH-RBI  produces 
an  "allosteric"  type  of  inhibition  to  the 
binding  of  lutropin  at  the  lutropin  binding 
site. 
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Glutathione-insulin  transhydrogenase 
(GIT,  thiol-protein  disulfide  oxidoreduc- 
tase,  EC  1.8.4.2)  catalyzes  an  interchange 
of  sulfhydryl  and  disulfide  groups  on  pro- 
teins and  small  molecules.  In  practice,  the 
enzyme  catalyzes  the  reduction  of  the  disul- 
fide bridges  of  insulin  in  the  presence  of 
excess  glutathione  (1,  2).  In  vitro,  this  re- 
duction of  insulin  is  accompanied  by  the 
oxidation  of  the  sulfhydryl  groups  of  gluta- 
thione. Since  it  has  been  shown  by  Chandler 
and  Varandani  (3)  that  other  sulfhydryl- 
.  containing  proteins  may  replace  glutathione 
in  the  reaction,  the  actual  substrate  pair 
utilized  in  vivo  is  not  clear  at  this  time. 

The  GIT-catalyzed  reduction  of  insulin 
has  been  shown  to  be  the  rate-controlling 
step  in  insulin  degradation.  This  raises  the 
possibility  that  GIT  may  function  to  mediate 
insulin  action  (4).  Glutathione-insulin  trans- 
hydrogenase is  widely  distributed  in  a  num- 
ber of  organs  in  several  species  (5).  Meas- 
urements of  the  specific  activity  of  GIT  in 
various  tissues  have  shown  that  those  most 
sensitive  to  insulin  action,  i.e.,  heart,  skele- 
tal muscle,  and  fat,  have  the  lowest  levels  of 
GIT,  while  insulin-insensitive  tissues  such  as 
the  liver  and  kidney  exhibit  the  highest  lev- 
els of  this  enzyme  (6).  More  recently  gluta- 
thione-insulin transhydrogenase  has  been 
shown  to  be  inducible  by  insulin  injection  in 
diabetic  rats  (7). 

The  studies  described  in  this  paper  were 
designed  to  investigate  several  aspects  of  the 
regulation  of  GIT  under  various  dietary, 
developmental,  and  hormonal  conditions. 
In  order  to  relate  GIT  activity  to  the  amount 
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of  enzyme  present  in  the  material  analyzed, 
the  assay  for  the  enzyme  described  by  Chan- 
dler and  Varandani  (8)  utilizing  ***I-labeled 
insulin  was  modified  accordingly. 

Methods.  Albino  male  rats  were  obtained 
from  the  Holtzman  Rat  Company,  Madi- 
son, Wisconsin.  For  the  developmental  ex- 
periments pregnant  rats  of  known  gestation 
were  used.  The  mothers  were  allowed  ac- 
cess to  a  25%  protein  diet  ad  libitum.  The 
newborn  rats  were  separated  from  their 
mothers  just  prior  to  sacrifice.  Livers  from 
the  same  littermates  were  collected  and 
pooled.  For  the  metabolic-regulation  exper- 
iments rats  were  housed  in  a  regulated  light- 
dark  room,  lighted  from  8:00  am  to  8:00 
PM.  They  were  allowed  access  to  semipuri- 
fied  diets  containing  0,  12.5,  60,  or  90% 
protein  from  8:00  am  to  4:45  pm  for  10  days 
and  sacrificed  between  7:00  and  8:00  am. 
For  the  glucagon  experiments  rats  were  al- 
lowed access  to  a  25  %  protein  diet  ad  libi- 
tum for  10  days.  Glucagon  (Eli  Lilly)  was 
injected  subcutaneously  at  doses  of  1 .0  mg/ 
100  g  body  weight.  Controls  were  injected 
with  the  diluting  solution  (1 .6%  glycine  and 
0.2%  phenol).  For  the  cortisone  experi- 
ments rats  were  adrenalectomized  3  days 
prior  to  injection.  They  were  allowed  access 
to  a  25  %  protein  diet  and  water  containing 
0.9%  NaCI  ad  libitum.  Cortisone  (Pfizer 
Corp.)  was  injected  intraperitoneally  at 
doses  of  10  mg/100  g  body  weight.  The 
animals  were  sacrificed  at  the  times  indi- 
cated in  the  results. 

The  rats  were  sacrificed  by  decapitation. 
The  liver  was  quickly  removed  and  homoge- 
nized in  4  vol  of  0.44  M  sucrose  with  10 
strokes  of  a  Potter-Elvehjem  homogenizer. 
The  homogenate  was  centrifuged  at 
12,00Qg  (SS-34  rotor,  Sorvall  centrifuge, 
8500  rpm)  for  10  min.  The  supernatant  was 
centrifuged  at  105,000g  (50  Ti  rotor,  L2- 
65B  Beckman  ultracentrifuge,  41,000  rpm) 
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)  min.  The  pellet  (microsomal  fraction) 
^suspended  and  centrifuged  again  un- 
le  same  conditions  for  60  min.  The 
somes  were  then  resuspended  in  an 
late  volume  of  0.44  M  sucrose  and 

1  at  -70**  for  subsequent  assay.  All 
were  at  0-4**. 

J  purification  of  GIT  was  carried  out 
ding  to  the  method  of  Ansorge  et  al. 
ith  the  modification  of  the  preparation 
microsomal  fraction  described  above, 
ssay  of  GIT  activity  was  modified  from 
•f  Ansorge  et  al.  (2)  and  Chandler  and 
idani  (8).  When  the  microsomal  frac- 
vas  used  as  the  source  of  enzyme,  it 
^homogenized  with  a  Polytron  (Brink- 
^rp.)  for  45  sec  at  4.5  on  the  rheostat 

2  assaying  the  enzyme  activity.  The 
on  mixture  unless  stated  otherwise  in 
suits  section  consisted  of:  15  /xAf  insu- 
>  /Ltl  of  ^**I-labeled  insulin  (5  /LtCi/5  ml) 
England  Nuclear);  4  /imoles  of  gluta- 
5  (reduced  form);  5  /imoles  of  EDTA; 
[00  /Limoles  of  potassium  phosphate 
*,  pH  7.0,  with  a  sufficient  concentra- 
>f  enzyme  for  a  total  volume  of  1  ml. 
Tiixture  (without  enzyme)  was  incu- 

at  37''  for  8  min  followed  by  incuba- 
ivith  enzyme)  at  the  same  temperature 
)  min  with  shaking.  The  reaction  was 


stopped  by  cooling  on  ice  and  the  addition 
of  1  ml  of  bovine  serum  albumin  (4  mg/ml) 
and  2  ml  of  10%  TCA.  The  mixture  was 
centrifuged  at  2500  rpm  for  15  min.  One 
milliliter  of  the  supernatant  was  taken  from 
each  tube,  including  the  controls  of  total 
radioactivity  and  the  blank,  for  liquid  scin- 
tillation counting.  One  unit  of  enzyme  activ- 
ity was  taken  as  that  amount  catalyzing  the 
breakdown  of  1  fig  of  insulin  per  minute  at 
37**.  Protein  was  determined  by  the  method 
of  Lx)wry  et  al.  (9),  using  bovine  serum  albu- 
min as  standard. 

Results  and  discussion.  As  indicated  in 
Methods,  glutathione-insulin  transhydro- 
genase  was  purified  by  a  slight  modification 
of  the  method  described  by  Ansorge  and  his 
associates  (2).  Fourteen  milliliters  of  the 
concentrated  active  fraction  (80.5  mg  of 
protein)  obtained  from  the  Sephadex  G-75 
column  was  placed  on  a  3.0  x  30-cm  col- 
umn of  DEAE-Sephadex  A-50  which  had 
equilibrated  with  0.1  N  Tris  buffer,  pH 
7.82,  containing  2  mA/  2-mercaptoethanol, 
and  0.1  N  KCl.  Elution  was  initiated  with 
100  ml  of  the  same  buffer  and  continued 
with  a  linear  gradient  of  KCl  (0.1-0.4  M)  in 
0.1  Af  Tris  buffer,  pH  7.82,  containing  2 
mAf  2-mercaptoethanol  using  an  LKB  gra- 
dient former.  The  flow  rate  was  19  ml/hr. 


80  120  160 

FRACTION  NUMBER 

1.  Chromatography  of  glutathione-insulin  transhydrogenase  (GIT)  fractions  from  Sephadex  G-7S  of 
■Sephadex  A-50.  Fourteen  milliliters  of  the  concentrated  active  fraction  (80.5  mg  of  protein)  obtained  from 
tography  on  Sephadex  G-75  was  applied  to  a  column  (3.0  x  30  cm)  of  DEAE-Sephadex  A-50  equilibrated 
I  M  Tris  buffer,  pH  7.82,  containing  2  mM  2-mercaptoethanol  and  0.1  Af  KCl.  The  elution  was  begun  with 
of  the  same  buffer  and  continued  with  a  linear  gradient  of  KCl  (0.1-0.4  Af)  in  0.1  Af  Tris  buffer,  pH  7.82, 
ercaptoethanol  using  an  LKB  gradient  former.  The  flow  rate  was  16  ml/hr,  and  5-ml  fractions  were 
d  at  4^ 
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Fk».  2.  Degradation  of  *^I-labeled  insulin  as  a 
function  of  time.  One-hundred  microliters  of  solution 
(44  |Ag  of  insulin  and  100  m1  of  *»I  insulin  (S  /xCi/Sml) 
were  mixed  with  40  /il  of  25  mA#  glutathione  and  500 
l&l  of  0.2  A#  potassium  phosphate  bu£fer,  pH  7.0,  con- 
taining 10  mA#  EDTA.  The  mixture  was  preincubated 
for  8  min  at  37*.  After  this  time  (designated  as  0  time  in 
the  figure)  0.632  |Ag  of  protein  as  GIT  was  added  and 
the  solutions  incubated  at  37*.  Phosphate  bu£fer  was 
added  in  place  of  GIT  in  the  blanks.  See  Methods  for 
further  details.  (•),  Total  degraded  insulin:  (x),  non- 
enzymatic  degraded  insulin;  (O).  GIT-catah-zed  insulin 
breakdown  (total  amount  of  enzymaticalh'  degraded 
tnsuUn  minus  that  nonenzymatically  degraded). 


2  3  4  5  6 

ENZYMC  Km  Of  PROTEIN) 

Fk.  3.  Relatkniship  of  puriSed  GIT  amount  (pfo- 
tein)  and  the  rate  of  insulin  d^radatioo.  See  Methods 
for  details  of  the  assa\ . 

with  5-inl  fractioiis  being  collected  at  4*".  As 
can  be  seen  from  Fig.  1  a  peak  of  enzxme 
acti>it>  was  obtained  bet^^een  the  90th  and 
120th  fraction.  This  enzxme  ^as  used  to 
determine  the  relationships  seen  in  Figs.  2 
and  3. 

Figure  2  sho^^  the  relationship  of  enz>- 
matic  to  nonenz>inatic  degradation  of  ***I- 
labeled  insulin  as  a  function  of  time.  The 
greatest  difference  between  the  levels  of  en- 
z\matic  aiui  iK>nenz\Tnatic  insulin  deerada> 


tion  occurred  at  10  min;  thus,  this  time  was 
selected  for  the  incubation  time  for  the 
standard  assay.  Use  of  shorter  times  (5  min) 
for  assay  did  not  alter  the  Km  values  seen  in 
the  tables.  A  plot  of  the  rate  of  enzymatic 
insulin  breakdown  versus  the  amount  of 
GIT  protein  is  linear  only  at  low  concentra- 
tions of  enzyme  (Fig.  3) .  In  order  to  approx- 
imate zero-order  reaction  conditions  and 
thereby  have  a  quantitative  assay  for  the 
amount  of  GIT  present,  different  concentre 
tions  of  insulin  and  glutathione  were  tested 
(Fig.  4).  Concentrations  of  4  mM  glutathi- 
one and  IS  /xAf  insulin  gave  linear  results  up 
to  56  pig  of  microsomal  protein.  Pdytroo 
treatment  of  the  microsomal  fraction  after 
homogenization  with  the  Potter-Elvehjen 
homogenizer  resulted  in  an  increase  in  GIT 
activity  from  2.7  to  8.0  units/mg  of  protein. 
Thus,  the  specific  activity  for  the  enzyme 
was  measured  after  Polytron  treatment  in  all 
subsequent  assays  in  a  reaction  mixture  coo- 
taining  4  mM  glutathione  and  IS  §jlM  insulin 
and  at  concentrations  of  less  than  S6  fig  of 
microsomal  protein. 

The  specific  activity  of  GIT  was  deter- 
mined as  a  function  of  rat  age  (Fig.  S).  The 
newborn  rats  were  separated  from  their 
mothers  immediately  befcn^  sacrifice,  «ith 
livers  from  the  same  littermates  being 
pooled  for  eadi  time  point  until  the  12th 
day  after  birth  subsequent  to  which  the  liv- 
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CONCCNTRATION  OF  MICROSOMAL 
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Fk.  4.  RrtoiwMHfcip of  iIk  mmtt  mtMtkm  erf  mkro- 
wiiii  GfT  acmiii  at  din^^^^^n  sobsmie 
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In;  (•).  4  wM  gJMMlwMr.  88  pig  of  iosoiiD;  (O).  2 
AW  giuuUioae,  44  mg  of  k  i  ilii .  <AK  2  wmM  gloatlt^ 
ooe.  88  #ig  of  ill  I  ill.  See  Metkods  for  fvtker  cxpen- 
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ers  were  assayed  individually.  Fetal  rats  had 
levels  of  GIT  close  to  the  adult  (62-day) 
levels.  However,  upon  birth  the  GIT  spe- 
cific activity  was  double  that  of  the  adult, 
with  a  gradual  decay  to  adult  levels  by  the 
second  week  after  birth.  It  is  of  interest  that 
the  GIT  activity  in  the  Morris  7800  hepa- 
toma was  3.1  ±  0.9  on  the  same  basis  as 
seen  in  Fig.  5.  Thus,  unlike  many  other 
enzymes  which  are  low  in  activity  in  fetal 
liver  and  also  in  hepatomas  (10),  GIT  activ- 
ity in  the  fetal  liver  is  the  same  as  that  in  the 
adult  during  the  latter  stages  of  fetal  life  in 
contrast  to  the  activity  of  the  enzyme  in  the 
hepatoma  which  is  less  than  half  that  seen  in 
the  adult.  GIT  activity  in  the  host  liver  of 
the  tumor-bearing  animal  was  5.5  ±  1.1 
(average  ±  SEM  of  animals). 

The  effect  of  dietary  and  hormonal  altera- 
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Fig.  5.  The  specific  activity  of  GFF  as  a  function  of 
age  in  rats.  The  treatment  of  animals  and  the  assay  of 
GIT  are  described  in  the  methods  section.  The  num- 
bers in  parentheses  indicate  the  number  of  animals 
utilized  for  each  assay  point  beyond  the  12th  day.  The 
numbers  at  the  12th  and  earlier  days  refer  to  the  num- 
ber of  batches  of  pooled  livers  from  littermates. 


tions  on  the  specific  activity  of  microsomal 
glutathione-insulin  transhydrogenase  can  be 
seen  in  Table  I.  Increasing  the  protein  con- 
tent of  the  diet  from  0  to  90%  and  allowing 
animals  to  eat  such  diets  for  a  period  of  10 
days  did  not  result  in  any  change  in  the 
specific  activity  of  GIT  in  microsomal  pro- 
tein. However,  there  was  undoubtedly  a  to- 
tal increase  in  the  enzyme  since  other  inves- 
tigations (11)  have  demonstrated  significant 
increases  in  the  amount  of  microsomal  pro- 
tein per  liver  cell  as  the  protein  content  of 
the  diet  increases.  In  animals  fed  a  labora- 
tory chow  diet  the  administration  of  gluca- 
gon at  the  dose  seen  in  Table  I  resulted  in  no 
significant  change  or  a  slight  increase  in  the 
specific  activity  of  the  enzyme  during  the 
time  interval  investigated.  Cortisone  admin- 
istration to  adrenalectomized  rats  also  had 
no  effect  on  the  specific  activity  of  GIT  in 
the  microsomes  4  hr  after  its  administration. 
However,  as  can  be  seen  from  the  data  in 

TABLE  I.  The  Effects  of  Cortisone,  Glucagon, 

AND  Different  Protein  Diets  on  the  SpEcmc 

Acnvmr  of  Microsomal  Glutathione-Insulin 

Transhydrogenase  . 


Conditions 


Units/mg  of  GFF  mi- 
crosomal protein' 


0%  Protein  diet,  10  days 
12.5%  Protein  diet,  10  days 
60.0%  Protein  diet,  10  days 
90.0%  Protein  diet,  10  days 
Glucagon  (1  mg/100  g  B.W.),  4 

hr 
Control,  4  hr 
Cortisone  (10  mg/100  g  body 

weight),  adrenalectomized 

rats,  4  hr 
Control,  adrenalectomized  rats, 

4hr 


9.2  ±  2.9  (6) 

7.2  ±  1.9(6) 
7.1  ±  1.0(6) 

9.3  ±  2.3  (6) 
13.7  ±  0.8(3) 

10.7  ±  1.6(4) 

8.4  ±  2.6  (4) 


8.0  ±  0.9  (4) 


'^  Values  represent  the  means  ±  standard  deviation, 
with  the  number  of  rats  used  in  parentheses.  See  text 
for  further  details. 


TABLE  U.  The  Effects  of  Cortisone  and  Glucagon  on  the  K,^ 

Transhydrogenase  . 


AND  Vm»  of  Glutathione-Insulin 


Conditions 


V^max  (nmoles/min)** 


Kr.  (t^r 


Microsomal 
protein  (mg) 


Glucagon  (1  mg/100  g  body  weight),  4  hr  0.172  ±  0.038 

Control,  4  hr  0.174  ±  0.016 

Cortisone  (10  mg/100  g  body  weight),  0.288  ±  0.078 

adrenalectomized  rats,  4  hr 

Control,  adrenalectomized  rats,  4  hr  0.686  ±  0.038 


11.2  ±0.3 

7.5  ±  2.0 

12.5  ±  4.7 

40.2  ±  14.5 


0.23 
0.18 
0.23 

0.21 


'  Values  represent  the  means  ±  standard  deviation  of  three  rats.  These  kinetic  assays  were  run  with  the  same 
rats  used  in  Table  I.  See  text  for  further  details.  Vmmx  values  were  the  rates  under  conditions  of  zero-order  kinetics 
(Fig.  4). 
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Table  II,  while  glucagon  did  not  signifi- 
cantly change  the  K„  of  GIT  after  adminis- 
tration, that  of  the  enzyme  in  the  adrenalec- 
tomized  animal  exhibited  significant  differ- 
ences from  the  control.  Hepatic  microsomal 
GIT  of  adrenalectomized  animals  showed  a 
fourfold  increase  in  its  K^  and  a  two-  to 
threefold  increase  in  V^max  as  compared  to 
that  of  the  enzyme  in  control  or  glucagon- 
treated  intact  animals.  Administration  of 
cortisone  to  adrenalectomized  animals  re- 
sulted in  a  drop  of  both  the  Kj^  and  the  Vj^bx 
of  hepatic  microsomal  GIT  to  essentially 
normal  levels  within  4  hr. 

While  it  is  relatively  easy  to  understand 
the  insensitivity  of  the  levels  of  GIT  to  die- 
tary and  hormonal  changes,  the  alteration  in 
Vmax  and  Kfn  in  the  adrenalectomized  ani- 
mal presents  some  interesting  possibilities. 
Previous  theoretical  (12)  and  kinetic  (13, 
14)  studies  of  enzymes  associated  with 
membranes  have  demonstrated  alterations 
in  enzymatic  behavior  resulting  from  the 
membrane  environment  of  the  enzyme.  It 
is  interesting  to  speculate  that  in  the  adrenal- 
ectomized animal,  the  change  in  hormonal 
environment  may  result  in  changes  in  mem- 
brane synthesis  and  structure  leading  to  the 
altered  kinetic  constants  of  this  microsomal 
enzyme.  The  effect  of  hormones  on  mem- 
brane synthesis  and  membrane  enzymes  has 
been  previously  reported  both  for  the  liver 
and  the  kidney  (15).  The  effect  of  other 
environmental  changes  on  the  kinetic  con- 
stants of  GIT  is  presently  under  investiga- 
tion in  this  laboratory. 

Summary,  The  dietary  and  hormonal  reg- 
ulation of  the  level  of  glutathione-insulin 
transhydrogenase  in  rat  liver  was  investi- 
gated in  these  studies.  In  order  to  make 
valid  comparisons,  the  assay  of  glutathione- 
insulin  transhydrogenase  was  performed  at 


near  zero-order  kinetics  wherein  enz>ine 
rate  was  proportional  to  enzyme  amount. 
Changing  the  protein  content  of  the  dici  or 
administration  of  glucagon  or  cortisone  did 
not  significantly  affect  the  specific  activity  of 
glutathione-insulin  transhydrogenase  in  mi- 
crosomes from  rat  liver.  However,  the  V^n 
and  Km  of  this  enzyme  in  the  livers  of  adre- 
nalectomized rats  were  increased  three-  and 
fourfold  over  these  values  in  microsomes 
from  normal  liver.  Administration  of  corti- 
sone resulted  in  a  return  to  the  normal  ki- 
netic constants  of  microsomal  GIT  within  4 
hr. 
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at  hypophysis,  when  transplanted 
the  kidney  capsule,  will  secrete  ele- 
lounts  of  prolactin  for  an  extended 
1-3).  A  low  level  of  luteinizing  hor- 
H)  and  follicle  stimulating  hormone 
elease,  which  can  be  enhanced  by 
treatment  with  LH-releasing  hor- 
ppears  to  persist  for  at  least  16  days 
}  renal  transplantation  (4).  The  vas- 
inections  of  the  transplant  with  the 
circulation  have  not  been  ade- 
defined,  although  the  renal  artery 
1  implicated  as  the  efferent  vessel 
prospect  of  using  this  ectopic  pitui- 
paration  as  a  model  to  investigate 
ise  of  LH  and  prolactin  in  response 
»us  stimuli  led  us  to  determine 
its  hormones  were  secreted  into  the 
in.  In  these  studies,  jugular  venous 
the  hormones  were  taken  to  repre- 
ir  concentration  in  the  peripheral 
3n. 

als  and  methods.  Adult  Holtzman 
j-Dawley)  male  or  female  rats  were 
sectomized  under  ether  anesthesia 
irapharyngeal  approach  and  studied 
>  such  or  after  pituitary  autotrans- 
m.  In  the  latter  case,  the  whole  pi- 
recovered  from  a  trap  bottle  in  the 
ine,  was  placed  under  the  left  kid- 
jule  immediately  after  hypophysec- 
i  small  number  of  intact  regularly 
male  rats  in  diestrus  was  also  stud- 
j  rats  were  kept  under  controlled 
-10  hr  light :dark)  and  temperature 
anditions,  with  free  access  to  Purina 
ry  chow  and  tap  water.  At  various 
after  the  operation  the  rats  were 

Tted  in  part  by  Ford  Foundation  Training 
i-0135A,  NIH  Training  Grant  HD-00024, 
•act  70-2310,  and  NIH  Program  Project  HD- 

ztoTsA  Fellow  in  Reproductive  Biology. 

It  address:  Department  of  Physiology,  Uni- 

^awaii  at  Manoa,  Honolulu,  Hawaii. 


lightly  anesthetized  with  ether,  and  1  ml  or 
less  of  blood  was  removed  by  jugular  veni- 
puncture. In  addition,  one  group  of  pitui- 
tary autotransplanted  rats  was  killed  8  days 
after  operation,  just  after  sampling  the  jugu- 
lar vein,  by  exsanguination  through  the  left 
renal  vein.  The  remaining  autotransplanted 
rats  were  killed  4  weeks  after  operation, 
when  blood  samples  were  taken  simultane- 
ously from  the  jugular,  right,  and  left  renal 
veins. 

Completeness  of  hypophysectomy  was  as- 
certained by  macroscopic  examination  of 
the  pituitary  fossa  and  atrophy  of  the  adre- 
nal glands  and  gonads.  The  blood  samples 
were  permitted  to  clot  at  room  temperature, 
then  centrifuged  at  4°,  and  the  serum  was 
stored  at  -20°  until  assayed.  The  serum 
from  each  sample  was  assayed  in  duplicate 
for  prolactin  and  LH  by  specific  radioimmu- 
noassays (6,  7).  The  LH  values  were  ex- 
pressed in  terms  of  rat  LH  standard  LER- 
1240-2  (0.6  X  NIH-LH-Sl);  prolactin  val- 
ues were  expressed  in  terms  of  rat  prolactin 
standard  LER-1382-82  (45.7  lU/mg). 

Results.  The  results  are  summarized  in 
Table  I.  The  LH  levels  in  the  jugular  vein 
serum  of  the  hypophysectomized-pituitary 
autotransplanted  rats  were  not  significantly 
different  from  those  found  in  the  renal  vein 
serum  and  did  not  seem  to  be  affected  by 
the  sex  of  the  host  or  by  the  interval  after 
operation.  Although  the  values  were  about 
half  of  those  found  in  the  intact  diestrous 
females,  none  of  them  fell  below  the  mini- 
mal detectable  level  of  the  assay  (0.15  ng/ 
ml).  In  the  hypophysectomized  rats,  how- 
ever, all  the  values  were  found  to  be  below 
the  minimal  detectable  level  by  the  third 
week  after  operation,  although  a  mean 
value  of  0.22  ng/ml  was  found  1  week  after 
operation. 

The  prolactin  levels  in  the  jugular  vein 
serum  of  the  hypophysectomized-pituitary 
autotransplanted   rats   were   also   indistin- 
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TABLE 


.  Levels  of  Prolactin  and  LH  in  the  Jugular  and  Renal  Vein  Serum  of  Rats  after 
Hypophysectomy  or  Hypophysectoiiy  Plus  Pituitary  Autotransplantatign.* 


Number  of 

Interval  after 
operation 

Serum  LH  leveb  (ng/ml) 

Serum  prolactin 

levek  (ng/mi) 

Experimental  condition 

rat^ 

(day.) 

Jugular 

RteiuJT 

Jugular 

RenaF 

Intact,  dieitnis 

4(F) 

- 

0.61  ±  0.11 

- 

7.0  ±  2.0 

- 

Hypophysectomy 

4(F) 

7 

0.22  ±  0.01 

_ 

« 

_ 

21 

<o.iy 

- 

- 

- 

5(F) 

- 

- 

l.Sl  ±  0.13 

- 

14 

_ 

_ 

1.55  ±0.05 

- 

21 

- 

- 

1.49  ±  0.03 

- 

28 

- 

- 

1.52  ±0.05 

- 

Hypophysectomy-pituitary 

5(M) 

0.30  ±  0.3 

0.29  ±  0.03 

76.1  ±  29.6 

30.2  ±  6.2 

autotrantplanUtion 

5(F) 

0.32  ±  0.04 

0.29  ±  0.04 

51.5  ±  11.0 

48.9  ±  6.6 

10(F) 

C 

2.85  ±  0.25 

- 

53.0  ±  8.7 

- 

0.32  ±  0.03 

- 

73.3  ±  5.1 

- 

14 

0.38  ±  0.04 

_ 

45.4  ±  3.4 

- 

21 

0.36  ±  0.04 

- 

44.1  ±  2.4 

- 

28 

0.36  ±  0.03 

0.39  ±  o.oy 

41.7  ±  3.8 

48.3  ±  5.5» 

*  Values  for  prolactin  and  LH  are  in  all  cases  means  and  SEM. 

*  Sex  of  the  subjects  indicated  in  parentheses. 

'  The  vein  draining  the  pituitary  transplant-bearing  kidney;  in  all  cases  this  was  the  left  one.  The  LH  standard  was  LER- 1240-2  (0.6  x  NIH-LH-Sl); 
xYkt  prolactin  standard  was  LER-1382-82  (45.7  lU/mg). 

'  The  minimal  detectable  level  was  0.15  ng/ml;  in  all  cases  the  level  was  below  this  minimum. 

'  Sampled  immediately  before  operation. 

'  The  LH  level  in  the  right  renal  vein  was  0.4  ±  0.04. 

*  The  prolactin  level  in  the  right  renal  vein  was  42.7  ±  3.7. 


guishable  from  those  found  in  the  renal 
veins  of  either  kidney  and  were  also  unaf- 
fected by  the  sex  of  the  donor  or  the  interval 
after  operation.  They  were  many- fold 
higher  than  the  values  found  in  either  the 
intact  diestrous  rats  or  those  subjected  only 
to  hypophysectomy. 

Discussion.  The  hormones  secreted  by 
the  transplanted  pituitary,  thus,  do  not  ap- 
pear to  be  secreted  into  the  renal  vein.  The 
transplant  is  apparently  vascularized  by  the 
blood  vessels  of  the  capsule,  to  which  it 
forms  a  firm  attachment.  The  blood  supply 
of  the  renal  capsule  has  not  been  exactly 
identified  in  the  rat,  but  it  is  probable  that 
the  major  venous  drainage  is  the  same  as 
that  of  the  parietal  peritoneum,  i.e.,  the 
phrenico-abdominal  and  cranial  abdominal 
veins  on  the  right  and  left  sides,  respec- 
tively. These  empty  into  the  inferior  vena 
cava  just  cranial  to  the  renal  veins  (8). 

The  finding  of  high  serum  prolactin  levels 
in  hypophysectomized-pituitary  autotrans- 
planted  rats  in  neither  surprising  nor  new. 
The  fact  that  the  LH  levels  were  slightly  but 
significantly  higher  than  after  simple  hy- 
pophysectomy, up  to  at  least  4  weeks  after 
operation,  however,  suggests  that  LH  secre- 
tion is  not  completely  prevented  by  separa- 
tion of  the  pituitary  from  its  normal  connec- 
tions to  the  hypothalamus.  This  conclusion 


is  also  supported  by  the  recent  finding  of 
low  basal  levels  of  LH  in  the  hypophysecto- 
mized  rat  bearing  a  homotransplanted  pitui- 
tary from  a  long-term  ovariectomized  donor 
(9);  these  levels,  however,  were  not  com- 
pared with  those  of  rats  subjected  to  hy- 
pophysectomy alone.  The  most  immediate 
importance  of  the  finding  that  LH  can  be 
secreted  in  small  amounts  by  the  trans- 
planted pituitary  is  the  reservation  which 
this  imposes  on  the  experimental  use  of  the 
transplanted  pituitary  to  study  the  effects  of 
prolactin  separate  from  any  possible  effect 
ofLH. 

Summary.  In  adult  female  or  male  rats 
subjected  to  hypophysectomy  and  auto- 
transplantation  of  the  pituitary  beneath  the 
renal  capsule,  the  levels  of  prolactin  in  the 
renal  vein  of  the  pituitary-bearing  kidney 
were  not  significantly  different  from  those 
found  either  in  the  renal  vein  of  the  contra- 
lateral kidney  or  in  the  jugular  vein.  LH 
levels  were  slightly  but  highly  significantly 
higher  than  those  found  in  hypophysecto- 
mized  rats;  the  levels  found  in  the  two  renal 
veins  and  the  jugular  vein  were  also  not 
significantly  different  from  one  another. 

We  express  out  thanks  to  Helen  Wilk  and  Rosa 
Gamett  for  their  assistance  with  the  animals  and  the 
preparation  of  this  paper,  respectively.  The  hormones 
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Acid  phosphatase  and  ^^-glucuronidase 
are  considered  as  a  group  of  lysosomal  en- 
zymes in  other  tissues  (1,  2).  However, 
these  enzymes  demonstrate  opposite  distri- 
butions in  the  vertical  strata  of  the  epider- 
mis. Acid  phosphatase  activity  is  greater  in 
the  upper  layers  of  the  epidermis  (3,  4), 
while  )3-glucuronidase  is  concentrated  in  the 
lower  layers  (5).  The  differential  distribu- 
tion of  acid  phosphatase  and  j8-glucuroni- 
dase  in  the  epidermal  strate  may  be  corre- 
lated with  progressive  differentiation  of  ker- 
atinocytes.  The  inverse  relationship  in  the 
development  of  these  two  hydrolytic  en- 
zymes is  reflected  in  an  increasing  ratio  of 
acid  phosphatase  to  )3-glucuronidase  activity 
during  epidermal  regeneration  and  matura- 
tion during  wound  healing.  The  migrating 
epithelial  tip  observed  during  wound  heal- 
ing contains  a  relative  paucity  of  acid  phos- 
phatase (4)  but  an  abundance  of  )3-glucu- 
ronidase  (5).  The  ratio  of  acid  phosphatase 
to  )3-glucuronidase  activity  appears  to  repre- 
sent an  indicator  for  the  degree  of  epidermal 
differentiation. 

The  present  studies  were  undertaken  to 
determine  whether  progressive  differentia- 
tion of  fetal  epidermis  was  accompanied  by 
changing  patterns  of  acid  phosphatase  and 
/^-glucuronidase  activity. 

Materials  and  Methods.  Inbred  strain  A/ 
Jax  mice  (Jackson  Laboratory,  Bar  Harbor, 
Maine)  were  bred,  and  the  presence  of  the 
vaginal  copulation  plug  was  taken  as  Day  0 
of  pregnancy.  Pregnant  mice  were  sacrificed 
at  Days  14,  15,  17,  and  1 9  of  gestation ,  and 
the  fetuses  were  removed  quickly.  The  fe- 
tuses and  newborn  mice  (0-14  days)  were 
decapitated,  and  the  heads  were  frozen  in 
liquid  nitrogen.  The  heads  of  the  fetuses  and 
neonate  mice  were  sectioned  in  a  coronal 
plane  at  24-/Ltm  thickness  and  lyophilized  at 
-20*"  in  a  cryostat.  The  freeze-dried  tissues 


were  stored  in  a  vacuum  tube  at  —20°  until 
the  enzymes  were  assayed.  Epidermal  seg- 
ments frojn  the  scalp  skin  were  obtained 
from  the  freeze-dried  sections  by  microdis- 
section, weighed  (0.3-0.5  ^tg)  on  a  quartz 
fiber  microbalance,  and  transferred  into  mi- 
crotest  tubes  (2.5  x  25  mm)  for  subsequent 
enzyme  analyses.  Stratum  cornium  was  ex- 
cluded from  the  epidermal  samples. 

Acid  phosphatase  activity  was  assayed  by 
the  fluorometric  method  with  cr-naphthyl 
phosphate  as  the  substrate  (6).  Optimal  as- 
say conditions  for  acid  phosphatase  activity 
were  previously  determined  for  the  skin  (3). 
The  reaction  mixture  consisted  of  20  mM  a- 
naphthyl  phosphate,  0.05  M  acetate  buffer 
(pH  5.3),  2  mAf  MgCU,  and  0.02%  bovine 
serum  albumin.  Seven  microliters  of  reagent 
mixture  was  added  to  0.3-0.5  /Ltg  of  fetal  or 
neonatal  epidermis  in  microtest  tubes  and 
incubated  for  60  min  at  37**.  The  standard 
tubes  contained  1-2  nmoles  of  a-naphthol 
per  tube,  and  the  blank  tubes  contained 
reagent  mixture  only.  After  incubation,  a 5- 
/Ltl  aliquot  was  diluted  to  1  ml  with  0.5  N 
NaOH,  and  the  fluorescence  of  the  cr-naph- 
thol  formed  by  the  enzyme  reaction  was 
measured  in  a  fluorometer  equipped  with 
the  glass  filter  system.  The  primary  filter 
was  Corning  Glass  No.  5860  and  the  sec- 
ondary filter  consisted  of  No.  3387  and 
4308. 

)3- Glucuronidase  activity  was  measured 
by  the  fluorometric  method  with  4-methyl- 
umbelliferone  )3-D-glucuronide  as  substrate 
(7).  Optimal  assay  conditions  were  deter- 
mined previously  with  epidermal  tissue  (5) 
and  found  to  be:  0.1  Af  acetate  buffer  (pH 
3.5),  1.5  mAf  4-methylumbelIiferone  p-v- 
glucuronide,  and  0.02%  bovine  serum  albu- 
min. Approximately  0.5  fig  of  microdis- 
sected  epidermal  segments  were  incubated 
in  7  fi\  of  reagent  mixture  for  60  min  at  37*. 
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TABLE  I.  Hydrolytic  Enzyme  AcnvniES  in  DevELonNG  Mouse  Epidermis. 


Acid  phosphatase" 

/3-GIucuronidase^ 

Activity  ra- 
tio^ 

je 

Mean  ±  S.D. 

Range 

Mean  ±  S.D. 

Range 

5e 
14 

15.0 

(1) 

15 

0.15  ±  0.05 

0.08-0.26 

(8)- 

13.0  ±  1.4 

10.5-15.3 

(6) 

12 

17 

0.37  ±  0.12 

0.22-0.57 

(7) 

6.5  ±  1.8 

4.6-9.5 

(6) 

57 

19 

0.87  ±  0.08 

0.75-0.96 

(6) 

6.5  ±  0.9 

5.1-7.2 

(6) 

133 

al  age 
0 

1.28  ±  0.24 

0.80-1.22 

(14) 

8.4  ±  2.6 

5.0-13.6 

(9) 

152 

2 

1.48  ±0.33 

1.13-1.89 

(4) 

7.6  ±  0.9 

6.4-8.7 

(4) 

194 

4 

0.81  ±  0.13 

0.76-0.97 

(4) 

8.1  ±  1.6 

6.2-10.5 

(4) 

100 

7 

0.77  ±  0.14 

0.63-1.01 

(8) 

8.1  ±  2.4 

4.3-12.2 

(8) 

95 

14 

0.50  ±  0.07 

0.46-0.62 

(4) 

7.2  ±  0.5 

6.4-7.6 

(4) 

69 

tivity  is  expressed  as  moles  per  hour  per  kilogram  dry  weight. 

tivity  is  expressed  as  millimoles  per  hour  per  kilogram  dry  weight. 

notes  the  ratio  of  acid  phosphatase  activity  to  /3-glucuronidase  activity. 

mber  of  animals  used  (each  assayed  in  quintuplicate);  number  of  litters  used  were  two  to  nine  each. 


tandard  tubes  containing  5-20  pmoles 
methylumbelliferone  and  the  blank 
containing  reagent  mixture  only  were 
d  through  the  procedure.  The  fluores- 
of  the  product  of  enzyme  reaction  was 
ired  in  a  fluorometer  equipped  with 
ng  Glass  No.  5860  as  the  primary  fil- 
id  No.  3387  and  5543  as  the  secondary 

ults.  Acid  phosphatase  and  j8-glucu- 
ase  activities,  as  a  function  of  develop- 
il  age,  in  the  epidermis  are  summa- 
in  Table  I.  The  level  of  acid  phospha- 
ictivity  was  low  in  the  epidermis  on 
15  of  gestation,  the  activity  level  being 
L0%  of  the  maximum  activity  found  in 
arly  neonates.  On  the  other  hand,  )3- 
ronidase  exhibited  its  highest  activity 
lys  14  and  15  of  gestation.  Acid  phos- 
se  activity  increased  gradually  from  in- 
jrine  Day  15  into  neonatalhood.  j3- 
ironidase  activity  fell  to  half  of  the 

14  level  by  Day  17  of  gestation  and 
ained  the  low  level  during  the  closing 
Df  fetal  development  and  the  neonatal 
d.  The  results  demonstrated  an  oppo- 
levelopmental  pattern  of  the  two  hy- 
$es  during  epidermal  development. 

I  ratio  of  acid  phosphatase  to  )3-g]ucu- 
ase  activity  (A/G  ratio)  was  low  on 

15  of  gestation  and  increased  markedly 
after,  achieving  a  maximum  on  Day  2 
artum  (Table  I).  The  A/G  ratio  was  12 
ay  15  of  gestation  and  approximately 


TABLE  II.  Hydrolytic  Enzyme  AcnvmES  in 
Vertical  Strata  of  Normal  Adult  Guinea  Pig 

EnDERMlS". 

Acid  phos-     /8-GIucu-     Activity  ra- 
Layer  phatase^       ronidase^  tic^ 


Keratin 
Upper  half 
Lower  half 


0.76 
1.35 
0.43 


12.1 
13.5 
36.1 
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100 

12 


«  From  Ref.  (4)  and  (5). 

*  Activity  is  expressed  as  moles  per  hour  per  kilo- 
gram dry  weight. 

^  Activity  is  expressed  as  millimoles  per  hour  per 
kilogram  dry  weight. 

^  Denotes  the  ratio  of  acid  phosphatase  activity  to  /3- 
glucuronidase  activity. 


200  on  Day  2  postpartum.  The  A/G  ratios 
decreased  during  the  second  week  after 
birth. 

Discussion.  Microanalytical  studies  have 
revealed  preferential  localization  of  acid 
phosphatase  in  the  upper  layers  of  the  epi- 
dermis (4)  and  )3-glucuronidase  in  the  lower 
layers  (5)  (Table  II).  The  unique  pattern  of 
acid  phosphatase  concentration  in  the  gran- 
ular layers  of  epidermis  indicates  indirectly 
that  it  is  involved  in  the  process  of  keratini- 
zation  and  cellular  autolysis  (8).  The  high 
level  of  j8-glucuronidase  activity  in  the  lower 
layer  suggests  that  this  enzyme  may  be  re- 
lated to  cellular  proliferation  and  that  the 
basal  cells  may  be  sites  for  more  active  turn- 
over of  glycosaminoglycan.  Therefore, 
changes  in  the  relative  ratio  of  acid  phos- 
phatase to  ^^-glucuronidase  activity  can  be 
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correlated  with  progressive  differentiation 
in  whole  epidermis. 

Acid  phosphatase  activity  on  Day  15  of 
gestation  is  only  10%  of  that  on  Day  2 
postpartum.  j3-Glucuronidase  exhibits  a 
high  activity  level  on  Days  14  and  15  of 
gestation.  The  activity  ratio  of  acid  phos- 
phatase to  j8-glucuronidase  (A/G  ratio)  in- 
creased 11  times  from  Day  15  to  Day  19  of 
gestation,  and  a  high  A/G  ratio  persisted 
between  intrauterine  Day  19  and  neonatal 
Day  2.  These  data  may  reflect  a  rapid  ex- 
pansion of  epidermal  differentiation  during 
the  late  days  of  fetal  development  and  early 
neonatal  life. 

Summary.  The  activities  of  acid  phospha- 
tase and  )3-glucuronidase  were  assayed  in 
fetal  and  neonatal  mouse  epidermis  by  mi- 
croanalytical  methods.  The  level  of  acid 
phosphatase  activity  was  low  in  the  epider- 
mis on  Day  15  of  gestation.  Acid  phospha- 
tase activity  increased  10-fold  between  Day 
15  of  gestation  and  nconatalhood.  On  the 
other  hand,  )3-glucuronidase  activity  was 


high  on  Days  14  and  15  of  gestation  and  low 
after  Day  17  of  gestation.  The  relative  ratio 
of  acid  phosphatase  to  )3-glucuronidase  ac- 
tivity appeared  to  represent  a  marker  for  the 
degree  of  differentiation  in  whole  epider- 


mis. 
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Tetrachlorobiphenyl  by  Rhesus  Monkey  Liver  Microsomes  (39454) 
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family  of  compounds  known  as  poly- 
lated  biphenyls  (PCBs)  has  been  used 
istry  since  the  1930's  as  heat  exchang- 
ransformers,  plasticizers  in  paints  and 
ves,  electrical  and  hydraulic  fluids, 
retardant  coatings  for  woods,  and  va- 
ppressants  for  insecticides,  to  name  a 
he  properties  that  make  PCBs  suita- 
these  uses,  such  as  high  temperature 
nee  to  decomposition,  also  make 
extremely  stable  compounds  when  ac- 
illy  freed  into  the  environment.  Re- 
,  several  reports  have  shown  that 
are  widespread  global  contaminants 
ITBs  consist  of  a  large  mixture  of  iso- 
jnd  it  has  only  been  recently  that  pure 
s  were  available  for  metabolic  stud- 
le  such  isomer,  2,5,2',5'-tetrachloro- 
lyl  (TCB),  has  been  shown  by  Van 
et  al.  (2)  to  be  rapidly  metabolized  in 
to  3-hydroxy-2 ,5,2'  ,5  '-tetrachlorobi- 
.  In  other  species,  such  as  rabbits, 
er  et  al.  (3)  have  demonstrated  that 
,5'-tetrachlorobiphenyl  is  metabo- 
hrough  an  arene  oxide  pathway  to 
dHc  products  consisting  of  trans-dihy- 
Is  and  monohydroxy  metabolites.  Re- 
,  Hsu  et  al,  (4)  have  shown  the  pres- 
)f  trans-dihydrodiols,  monohydroxy, 
oxy  and  transdihydrotriols  in  urine  of 
and  adult  rhesus  monkeys  given  an 
iose  of  the  pure  isomer.  Dihydrodiols 
hydrotriols  are  thought  to  be  derived 
vely  from  an  arene  oxide  intermedi- 
any  members  of  this  class  of  interme- 
have  been  shown  to  be  alkylating 
with  carcinogenic  potential  (5).  In 
species  the  liver  microsomal  fraction 
en  shown  to  be  the  principle  site  of 
tion  of  arene  oxides.  The  presently 
sd  study  demonstrates  that  a  mctabo- 
2,5,2',5'-TCB  capable  of  covalently 
g  to  macromolecules  is  formed  in  vi- 
monkey  liver  microsomes. 
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Materials  and  methods.  Tritiated  2,5,- 
2',5'-TCB  (PHjTCB)  was  prepared  by  the 
method  of  Hutzinger  and  Safe  (6),  and  liver 
microsomes  were  obtained  from  an  adult 
female  rhesus  monkey  (7).  The  basic  incu- 
bation mixture  consisted  of  5  /Limoles  of 
NADP,  3  /Ltmoles  of  ATP,  10  /Ltmoles  of 
glucose-6-phosphate,  25  /Ltmoles  of  MgCl2, 
and  2.5  lU  of  glucose-6-phosphate  dehydro- 
genase in  phosphate  buffer  (pH  7.4).  To 
this  NADPH  generating  system  was  added 
0.3  ml  of  a  33%  microsomal  suspension 
(0.3  ml  of  microsomes  from  0.1  g  of  liver) 
either  active  or  as  heat-deactivated  (100**  for 
10  min)  controls.  The  microsome-cof actor 
system  was  divided  into  four  groups,  each  of 
which  had  heat-inactivated  microsomes 
serving  as  a  control.  In  Group  1  water  was 
added;  in  Group  2  glutathione  (GSH)  (1 
/Ltmole)  was  added;  Group  3  received  0.2  ml 
of  postmicrosomal  supernatc  (0.3  ml  from 
0.1  g  of  homogenized  liver);  and  Group  4 
received  both  0.2  ml  of  postmicrosomal  su- 
pernate  and  1  or  10  /Ltmoles  of  GSH.  Sub- 
strate was  added  as  PH]TCB  (1.25  /LtCi,  12 
/LtCi/mg)  in  10  /Ltl  of  methanol.  The  final 
volume  was  3.7  ml.  The  flasks  were  stop- 
pered and  incubated  at  37**  for  1 .0  hr  in  a 
shaking  water  bath  (120  strokes/min). 

The  incubation  was  stopped  by  the  addi- 
tion of  1 .25  ml  of  ice-cold  20%  trichloroa- 
cetic acid  (TCA).  The  resulting  5%  TCA 
solution  was  held  at  4**  for  1  hr.  The  precipi- 
tate (Fig.  1)  was  collected  by  centrifugation 
(800g)  and  washed  three  times  with  ice-cold 
5%  TCA.  TCA  washes  of  each  group  were 
combined  (Fraction  I)  for  later  testing  for 
the  presence  of  TCA  soluble  metabolite(s). 
The  resulting  protein-RNA  pellet  was 
washed  (8x)  with  methanol  (60**)  until  all 
extractable  radioactivity  was  removed  and 
the  last  wash  had  only  background  levels. 
The  methanol  extracts  were  combined  and 
saved  for  later  metabolite   determination 
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ijiai>atian  nixture 


1/3  voline  20t  TCA 
centrifuge,  800xg 
(St  TCA  msh,  Sx) 


tishes  (  st4)enate  (Fraction  I) 
I  freeze  dry 


1 

PPt 


solid 


60t  EtCH 


cairi>ined  CH,OH 

(Fraction  II) 


CHjOH  (60*C),  8X 


dissolved  hi  taken  for 
colim  chroaatography 


PPt 


hi  analyzed  by  high 
pressure  liquid 
chroaatography 

RNA  soluble 
fraction 


(cointed  for 
ni  content) 


lot  NaQ,  IWC 


protein 


all ^Mashes 
no  ni  detected 


51  TCA  (WC),  2X 
CHjOH  (WC),  3X 


protein  pellet 

(solubUized  and 
'11  counted) 

Fig.  1 .  Flow  chart  for  the  extraction  of  liver  microsomes  incubated  with  ['H]2,5,2%5'-tetrachlorobiphenyl. 


(Fraction  II).  The  pellet  was  dried  with 
ether  and  extracted  with  10%  NaCl  (1  hr, 
100**)  followed  by  two  extractions  with  10% 
NaCl  (V2  hr,  100°)  to  dissolve  RNA  (8,  9). 
The  sodium  chloride  extracts  were  com- 
bined and  sampled  for  ^H  content.  The  pro- 
tein pellet  was  further  extracted  (2x)  with 
5%  TCA  (90°)  to  extract  any  remaining 
RNA  and  wahsed  three  times  with  methanol 
(60°)  to  eliminate  any  trapped  pH]TCB  that 
might  have  been  released  with  the  RNA 
extraction.  The  resulting  protein  pellet  was 
dissolved  in  Unisol  and  the  radioactivity 
counted  after  the  addition  of  Unisol-Com- 
plement.  The  NaCl,  TCA,  and  methanol 
washes  were  sampled  or  added  whole  to  10 
ml  of  Aquasol  and  counted  on  a  Packard 
Tri-Carb  3375  liquid  scintillation  spectrom- 
eter with  an  automatic  external  standard. 
This  complete  procedure  when  conducted 
with  5  mg  of  bovine  serum  albumin  substi- 
tuted for  microsomes  showed  no  statistical 
difference  between  normal  and  heat  inacti- 
vated protein  in  the  adsorption  of  PH]TCB. 
Chromatography  of  the  initial  methanol 
extract  (Fraction  II)  of  the  TCA  insoluble 
pellets  was  carried  out  on  a  Waters  Associ- 
ates 6000  psi  high-pressure  liquid  chromato- 
graph  (C,8-corasil,  80%  CH3OH-20% 
H2O)  equipped  with  two  model  6000A 
pumps,  solvent  programmer,  and  ultraviolet 


and  refractive  index  detector.  The  initial 
TCA  washes  (Fraction  I)  of  the  protein- 
RNA  pellet  were  neutralized  with  NaOH 
and  freeze-dried.  The  resulting  solid  was 
extracted  serially  with  hexane,  ether,  meth- 
anol, and  finally  ethanolrwater  (3:2).  The 
cthanoliwater  soluble  material  was  chro 
matographed  on  silica  gel  60  (70-230  mesh) 
(E.  Merck)  using  ethanohwater  (3:2)  as  the 
solvent  at  a  flow  rate  of  1 .0  ml/min. 

Results.  Distribution  of  the  f^HJTCB  in 
homogenate  fractions.  The  exhaustive  meth- 
anol extraction  (Fraction  II)  removed 
greater  than  98%  of  the  PH]TCB  from  the 
initial  TCA  precipitates  of  the  normal  mi- 
crosomes and  the  heat  inactivated  controls 
in  all  groups.  Approximately  0.2%  of  the 
PH]TCB  remained  bound  to  mac^omol^ 
cules  in  Group  3  with  0.05%  represented  as 
adsorbed  material  (control  homogenates). 
Introduction  of  GSH  into  an  active  generat- 
ing system  (Groups  2  and  4)  increased  the 
TCA  soluble  PH]TCB  by  1.0  to  0.5% 
above  a  standard  level  of  approximately 
0.4%  in  all  other  groups  (Table  I).  The  low 
conversion  rate  is  due  to  the  stability  of  the 
TCB  molecule.  In  vivo  conversion  to  excret- 
able  metabolites  takes  place  at  only  approxi- 
mately 1%/day  (10). 

In  vitro  generation  of  PCB  metabolite  ca- 
pable of  binding  to  macromolecules.  As  can 
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een  in  Table  II,  homogenates  of  heat 
:ivated  microsomes  bound  some  radio- 
ity  that  was  not  extracted.  This  material 
considered  to  be  adsorbed  to  the  macro- 
^cules  and  was  used  as  an  adsorption 
rol.  The  water  incubation  (Group  1)  in 
h  only  the  microsomes,  substrate,  and 
)PH  generating  system  were  present, 
luced  a  significant  quantity  of  tritium 
id  to  the  protein  fraction  compared  to 
heat  inactivated  controls.  When  GSH 
)up  2)  was  added  to  this  system,  no 
ficant  change  in  bound  tritium  could  be 
cted.  When  microsomal  supernate 
)up  3)  was  added,  a  significant  increase 
le  amount  of  tritium  bound  to  protein 
noted.  The  addition  of  either  1  /Ltmole 
0  /Ltmoles  of  GSH  to  the  incubation 

LE  I.  The    Amount    of    PH]TCB    (Metabo- 

ED     AND     UnMETABOLIZED)     APPEARING     IN     THE 

A  Soluble  Fraction  (Fraction  I)  of  Micro- 
lES  Incubated  with  ['HJTCB. 


p 

'H  as  a  percentage  of 
substrate  ±SD 

H,0 

H,0  boiled 

0.52  ±  0.11 
0.31  ±  0.06 

(If 
(5) 

GSH  (0.31  mg) 
GSH  boiled 

1.24  ±  0.23 
0.40  ±  0.12 

(7) 
(5) 

MS  boiled 

0.43  ±  0.10 
0.35  ±  0.08 

(7) 
(5) 

MS  +  GSH  (0.31  mg) 
MS  +  GSH  boiled 

1.09  ±  0.19 
0.37  ±  0.06 

(7) 
(5) 

lumber  of  incubations, 
iicrosomal  supernate. 

medium  containing  microsomal  supernate 
(Group  4)  eliminated  the  significant  in- 
crease in  tritium  bound  to  proteins.  The 
incubations  with  microsomal  supernate 
strongly  increased  binding  of  tritium  to  the 
RNA  fraction.  A  reduction  of  tritium  bound 
to  RNA  was  noted  by  the  addition  of  either 
1  or  10  /Limole  of  GSH  to  the  reaction  flask 
(Table  III).  In  both  instances  the  reduced 
level  was  similar  to  that  occurring  in  Group 
2. 

In  vitro  generation  of  polar  PCS  metabo- 
lites. The  methanol  extracts  (Fraction  II)  of 
the  5%  cold  TCA  precipitate  were  chromat- 
ographed  on  corasil-Cig  column  (1.0  ml/ 
min,  100  psi)  using  20%  H2O-80%  CH3OH 
as  th6  solvent.  This  system  has  been  used  in 
our  laboratory  to  separate  unmetabolized 
TCB  from  its  hydroxylated  metabolites  (4). 
Mono-,  di-,  and  trihydroxylated  metabolites 
all  elute  with  the  solvent  front  in  this  system 
while  TCB  elutes  several  fractions  later.  Es- 
sentially no  metabolized  TCB  could  be 
found  in  the  methanol  extract  of  the  incuba- 
tion with  microsomal  supernate  (limit  of  de- 
tection about  0.5%). 

The  chromatography  of  the  TCA  soluble 
material  from  Group  2  (Fraction  I)  on  silica 
gel  using  ethanoI:water  (60:40)  as  the  sol- 
vent showed  an  elution  pattern  different 
from  free  PH]TCB  indicating  a  possible 
metabolic  product.  The  elution  volume  for 
free  PH]TCB  mixed  with  GSH  and  TCA 
was  45  ml  while  the  PH]TCB  extracted 
from  the  TCA  soluble  freeze-dried  material 
had  an  elution  volume  of  58  ml  on  the  same 


>LE  II.  PH]TCB  Bound  to  Protein  Resulting  from  Incubation  of  ['H]TCB  and  Monkey  Liver 
Microsomes  in  a  NADPH  Generating  System. 


Substrate  added  to  homogenate 


dpm  Bound  to  protein  ±SD 


Group  1        H2O 

H2O  (heated  microsomes) 

Group  2        GSH 

GSH  (heated  microsomes) 

Group  3        MS* 

MS  (heated  microsomes) 

Group  4        MS  +  GSH  (.31  mg/flask) 
MS  +  GSH  (3.1  mg/flask) 
MS  +  GSH  (.31  mg/flask) 
(heated  microsomes) 


2,255  ±  548« 
1,218  ±  246- 


(7)' 
(5) 


2,872  ±  258»»  (7) 

1,520  ±77*  (5) 

4,782  ±  539^»  (7) 

1 ,260  ±  l(f  (5) 

2,061  ±  486^-'  (7) 

1 ,934  ±  238^  (7) 

1.084  ±  n**'  (5) 


te:'  p^  .005;*  p^  .0001;'-p<  .0001  ;*'p^  .001; 'p:S  .0001;  V^  .0001  ;«'p^  .0001  (Student's  r  test 
to  determine  p  value);  '^  microsomal  supernate; '  number  of  incubations. 
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TABLE 


in.  'H-TCB  Bound  to  Microsomal  RNA  after  Incubation  of  »H-TCB  wtth  Rhesus  Monkey 
Lives  Microsomes  in  a  NADPH  Generating  System. 


Substrate  added  to  homogenate 


dpm  Bound  to  microsomal  RNA  ±SD 


Group  1        H,0 

HjO  (heated  microsomes) 

Group  2        GSH 

GSH  (heated  microsomes) 

Group  3        MS* 

MS  (heated  microsomes) 

Group  4        MS  +  GSH  (.31  mg/flask) 
MS  +  GSH  (3.1  mg/flask) 
MS  +  GSH  (.31  mg/flask) 
(heated  microsomes) 


302  ±  47"  (7y 

107  ±  13"  (5) 

201  ±  71**  (7) 

68  ±  34»  (5) 

468  ±  88^- ^'•(7) 

41  ±  IT  (5) 

154  ±79*-^  (7) 

195  ±  93^  (7) 

57  ±  13*'  (5) 


Note:'  p^  .0001;*  p<  .005;*"  p^  .0001;''p<  .02;' p^  .01;'p^  .0001;*  p^  .0001;  Student*s/ test  used 
to  determine  p  value;  *  microsomal  supemate; '  Number  of  incubations. 


column  (Fig.  2).  Exhaustive  extraction  of 
the  freeze-dried  TCA  soluble  material  with 
hexane  (60°)  and  ether  (35°)  failed  to  ex- 
tract an  appreciable  quantity  (10%)  of  trit- 
ium, indicating  that  the  PH]TCB  is  not  a 
mono-,  di-,  or  triol,  ail  of  which  are  freely 
soluble  in  ether.  The  remaining  tritium 
(90%)  was  solubilized  by  using  methanol 
(60°)  (but  not  methanol,  20°)  or  with 
ethanol: water  (60:40).  No  such  pH]TCB 
could  be  found  in  the  freeze-dried  TCA 
fraction  of  the  heat-inactivated  GSH  incu- 
bation (Group  2). 

Discussion,  From  the  findings  of  Gardner 
et  al.  (3)  and  Hsu  et  aL  (4),  it  has  become 
increasingly  apparent  that  the  lower  chlori- 
nated PCBs  containing  adjacent  hydrogens 
can  readily  be  metabolized  through  the 
chemically  active  arene  oxide  intermediate. 
Jensen  et  al.  (11)  has  shown  that  even 
higher  chlorine  isomers  are  metabolized  to 


Fig.  2.  Chromatography  of  PH]TCB,  TCA,  and 

GSH  (O O)  and  the  TCA  soluble  material  from  the 

incubation  (Fraction  I.  Group  2)  (• •)  on  a  silica 

gel-60  column  using  60%  ethanol-40%  water  as  the 
eluting  solvent. 


mono-oxygenated  metabolites  through  a 
mechanism  not  yet  fully  characterized.  Such 
metabolites  can,  and  obviously  do,  fomi 
conjugated  metabolites  with  other  biologi- 
cal molecules.  Proteins  and  RNA  exposed 
to  in  vitro  generation  of  a  possible  areiw 
oxide  intermediate  of  TCB  have  been 
shown  here  to  coyalently  bind  [*H  JTCB  to  a 
significant  extent.  Such  reactions  could  con- 
ceivably lead  to  alterations  in  the  macromo- 
lecular  structure  at  the  site  of  alkylation. 
The  fact  that  hexane  and  ether  were  able  to 
extract  only  10%  of  the  radioactivity  from 
the  TCA  soluble  material  (Fraction  I 
Group  2)  implies  that  the  bulk  of  the  radio- 
activity in  the  freeze-dried  TCA  soluble  ma- 
terial (about  1%  of  the  total  substrate  *H) 
was  either  more  polar  than  the  previously 
isolated  triols  or  conjugated  to  very  polar 
materials  such  as  GSH.  This  would  account 
for  its  initial  solubility  in  the  TCA  soluble 
fraction.  Comparatively,  0.2%  of  the  total 
substrate  was  found  to  be  covalently  bound 
to  macromolecules  when  GSH  was  not  pres- 
ent (Group  3,  Table  II).  This  represents  a 
20%  binding  of  metabolically  converted 
products. 

Kimbrough  et  al,  (12)  administered 
higher  chlorine  isomer  mixtures  of  PCBs  to 
200  female  rats  for  2  years  and  observed  a 
14%  incidence  of  tumors  (vs  1%  controls) 
and  a  78%  incidence  of  neoplastic  nodules 
in  the  liver  (vs  0%  controls).  It  is  conceiv- 
able that  these  tumors  were  due  to  the  inter- 
action of  arene  oxide-like  intermediates 
with  the  genetic  material  at  the  cellular 


METABOLISM    OF    POLYCHLORINATED    BIPHENYLS 


625 


Other   investigators   have   also   ob- 

neoplastic  liver  nodules  in  rats  (13) 
ce  (14).  These  arene  oxides  are  usu- 
tremely  reactive  as  is  evident  by  the 
it  tumors  related  to  PCB  administra- 
2re  observed  only  in  the  liver  where 
ne  oxide  is  presumably  generated.  In 
periments,  the  active  metabolite  ap- 
>ufficiently  nonreactive  to  leave  the 

synthesis  and  react  with  supernate 
i.  This  reaction  was  prevented  by  the 
n  of  glutathione  which  presumably 
ates  the  active  metabolite  before  it 
with  protein.  The  fact  that  none  of 
at  deactivated  homoge nates  bound 
[uantities  of  radioactivity  to  proteins 
H  indicates  that  metabolism  is  re- 

to  achieve  this  binding  capability, 
ily  materials  heated  were  the  micro- 
suspensions  and  not  the  glucose-6- 
late  or  the  microsomal  supernate. 
ore,  the  microsomal  supernate  alone 
ot  have  the  capacity  to  generate  the 
e  intermediate,  and  the  NADPH 
ting  system  is  completely  intact  in  the 
enate  mixture. 

fact  that  PCBs  are  so  widespread  in 
/ironment  makes  it  extremely  impor- 
at  we  understand  the  mechanism  by 
these  materials  are  toxic.  When  adult 

monkeys  were  fed  2.5  ppm  PCB  in 
;t,  skin  lesions,  abnormal  menstrual 

difficulty  in  maintaining  pregnancy, 
normal  offspring  were  observed  (15). 
nceivable  that  certain  segments  of  the 

population  are  exposed  to  PCBs  at 
that  may  well  exceed  2.5  ppm.  The 
tly  reported  study  indicates  that  some 
omers  may  be  metabolized  through  a 
c  arene  oxide  intermediate  which  has 
:ential  to  bind  to  macromolecules  and 
leir  character.  These  data  suggest  that 
vill  continue  to  be  a  significant  health 

for  many  years  to  come . 
mary.  Incubation  of  tritiated  2,5,- 
jtrachlorobiphenyl  with  normal  mon- 
er  microsomes  in  a  NADPH-generat- 
tem  results  in  the  formation  of  active 
)lite(s)  of  the  pH]2,5,2',5'-tetrachlo- 


robiphenyl  capable  of  covalently  binding  to 
RNA  and  protein  isolated  from  the  incuba- 
tion mixture.  The  metabolite  is  not  formed 
when  the  control  microsomes  are  held  at 
100°  for  10  min  prior  to  incubation.  The 
addition  of  microsomal  supernate  to  the  so- 
lution causes  an  increase  in  the  binding  of 
the  active  metabolite  to  macromolecules 
while  the  addition  of  glutathione  to  the  incu- 
bation medium  significantly  inhibits  this  in- 
crease. 

This  investigation  was  supported  in  part  by  U.S. 
Public  Health  Service  Grants  ES-00472,  ES-00958, 
and  RR-00167  from  the  National  Institutes  of  Health. 
This  is  Primate  Center  Publication  No.  15-019. 
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Developmental  Studies  on  Glucosamine  Metabolism  (39455) 

HIDEO  OKUBO,  KATSUNORI  SHIBATA,  HIROMI  ISHIBASHI, 
AND  TOSHIYUKI  YANASE 

First  Department  of  Medicine,  Faculty  of  Medicine,  Kyushu  University,  Fukuoka,  Japan 


Glucosamine  and  its  derivatives  are 
unique  and  obligatory  structural  compo- 
nents of  many  biologically  important  macro- 
molecules,  including  membrane  glycopro- 
teins and  glycolipids,  plasma  glycoproteins, 
and  glycosaminoglycans.  During  postnatal 
development,  from  birth  to  the  early  adult 
stage,  a  great  deal  of  rapid  growth  and  mat- 
uration occurs.  One  might  expect  that  this 
would  be  reflected  in  an  increased  rate  of 
synthesis  of  various  hexosamine-containing 
macromolecules  since  these  are  components 
of  all  cells,  tissues,  and  biological  secretions. 
This  increased  synthetic  rate  should  be  re- 
flected, in  turn,  in  the  rate  of  synthesis  of 
glucosamine  and  its  derivatives. 

The  present  paper  reports  the  results  of 
assays  of  the  activities  of  two  key  hepatic 
enzymes  involved  in  hexosamine  synthesis 
and  conversion  during  postnatal  develop- 
ment. In  addition,  the  hepatic  concentra- 
tions of  two  glucosamine  metabolites  in- 
volved in  the  feedback  regulation  of  these 
enzymes  were  measured.  Specifically,  the 
enzymes  examined  were  L-glutamine:D-fruc- 
tose-6-phosphate  aminotransferase  (AT) 
and  UDP-TV-acetyl-glucosamine  2'-epimer- 
ase  (EP).  The  metabolites  measured  were 
UDP-A^-acetylglucosamine  (UDP-GlcNAc) 
and  CMP-7V-acetylneuraminic  acid  (CMP- 
NANA). 

Materials  and  methods.  Animals.  Male, 
Wistar-King  A,  rats  bred,  born,  and  raised 
in  this  laboratory  were  maintained  on  stand- 
ard laboratory  chow  and  housed  until  used 
in  environmentally  controlled  animal  quar- 
ters. 

Chemicals.  UDP-A^-acetylglucosamine, 
A^-acetylneuraminic  acid,  and  fructose-6- 
phosphate  were  purchased  from  Sigma.  All 
other  chemicals  were  of  the  highest  quality 
available  from  commercial  sources. 

Enzyme  preparation.  Rats  were  anesthe- 
tized with  ether  and  the  livers  were  exposed 
through  an  abdominal  incision.  Blood  was 


withdrawn  from  the  abdominal  aorta  for 
seromucoid  determinations.  The  livers  were 
perfused  via  the  portal  vein  with  an  ice-cold 
solution  of  0.1  M  phosphate  buffer,  pH  7.5; 
then  were  removed,  blotted,  weighed,  and 
homogenized  in  2  vol  of  ice-cold  0.1  M 
phosphate  buffer-1  mAf  EDTA,  pH  7.5,  for 
1  min  using  a  Polytron  homogenizer  Model 
lOST  operated  at  10,000  rpm.  The  homoge- 
nate  was  centrifuged  for  10  min  at  20,00()g 
and  the  postmitochondrial  supernatant  was 
removed  and  centrifuged  for  60  min  at 
105,000g.  The  clear,  middle  portion  of  this 
supernatant  served  as  the  source  of  the  en- 
zyme activities. 

Assay  of  L-glutamine'D-fructose-d-phoS' 
phate  aminotransferase.  L-glutamine:D-fruc- 
tose-6-phosphate  aminotransferase  (AT) 
was  assayed  as  previously  described  (1)  ac- 
cording to  the  method  of  Kornfeld  (2). 
Each  reaction  mixture  contained  10  mAf 
fructose-6-phosphate,  10  mAf  giutamine,  1 
mAf  EDTA,  40  mAf  sodium  phosphate 
buffer,  pH  7.5,  and  0.1  ml  enzyme  extract 
in  a  total  volume  of  0.5  ml.  After  incubation 
at  37°  for  60  min,  the  reaction  was  termi- 
nated by  heating  in  a  boiling-water  bath  for 
1  min.  The  protein  precipitate  was  removed 
by  centrifugation  and  a  0.3-ml  portion  of 
the  supernatant  was  assayed  for  glucosa- 
mine-6-phosphate  by  the  method  of  Levvy 
and  McAllan  (3). 

Assay  of  UDP-N-acetylglucosamine  T- 
epimerase  (EP).  The  procedure  used  was 
based  upon  the  measurement  of  N-acetyl- 
mannosamine  produced  in  the  reaction  mix- 
ture using  a  modified  Morgan-Elson  proce- 
dure as  described  by  Spivak  and  Roseman 
(4).  The  assay  mixture  contained  2  mM 
UDP-GlcNAc,  200  mAf  Tris-HQ  buffer, 
pH  7.5,  80  mAf  MgS04,  and  0.1  ml  enzyme 
extract  in  a  total  volume  of  0.25  ml.  Incuba- 
tion was  carried  out  at  37''  for  20  min  and 
the  reaction  was  terminated  by  heating  in  a 
boiling- water  bath  for  2  min.  The  protein 
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>itate  was  removed  by  centrifugation 
0.1-ml  aliquot  of  the  supernatant  was 
1  in  a  test  tube  along  with  approxi- 
y  80-100  mg  of  Dowex-2  acetate  (20 
).  Three- tenths  milliliter  of  water  was 
1  to  increas  the  volume.  The  tubes 
mixed  vigorously  and  the  reaction  mix- 
vas  allowed  to  react  with  the  resin  for 

5  min.  The  resin  was  removed  by 
fugation  and  0.2  ml  of  the  supernatant 
sed  for  the  estimation  of  N-acetylman- 
[line. 

*t€in  assay.  The  protein  content  of  the 
)00g  supernatant  was  determined  by  a 
:ied  biuret  method  according  to  Wolf- 
f  al.  (5)  using  crystalline  bovine  albu- 
s  a  standard.  Enzyme  specific  activities 
expressed  as  nanomoles  of  glucosa- 
6-phosphate  formed  per  milligram  of 
in  per  hour  for  AT  and  as  nanomoles 
acetylmannosamine  formed  per  milli- 
of  protein  per  hour  for  EP. 
>P  N-acetylglucosamine  assays.  The 
intrations  of  hepatic  UDP-GlcNAc 
determined  as  previously  described  (1) 
modification  of  the  procedure  of  Bates 
HIandschumacher  (6).  One  volume  of 

w/v  trichloroacetic  acid  (TCA)  was 
i  to  9  vol  of  105,000g  supernatant. 
•  removing  acid-insoluble  material  by 
ifugation,  the  supernatant  was  heated 
in  in  a  boiling-water  bath  to  hydrolyze 
-N-acetylhexosamines.  The  solution 
entrifuged  again  to  remove  heat-coag- 
d  material  and  0.5  ml  of  this  superna- 
vas  assayed  for  hexosamine  content  by 
dification  of  the  Elson-Morgan  reac- 
ts described  by  Neuhaus  and  Letzring 
i\  standard  curve  was  prepared  using 
samine  hydrochloride.  The  UDP- 
Ac  pool  sizes  were  expressed  as  nano- 
s  of  UDP-GlcNAc  per  gram  of  liver. 
my  of  CMP'N-acetylneuraminic  acid. 
lepatic  concentrations  of  CMP-NANA 

determined  on  the  same  TCA  and 
treated  supernatants  used  to  assay 
-GlcNAc  pool  sizes.  The  method  used 
MP-NANA  measurements  was  that  of 
Han  et  al.  (8).  Five-tenths  milliliter  of 
CA  supernatant  was  added  to  0.1  ml  of 
M  periodic  acid  solution,  mixed  and 
ed  to  stand  in  ice-cold  water  for  20 
After  the  addition  of  1.25  ml  of  resor- 


cinol  reagent,  the  solution  was  mixed, 
placed  in  an  ice  bath  for  5  min  and  heated  at 
100**  for  15  min.  The  reaction  mixture  was 
cooled  in  tap  water,  1 .25  ml  of  tertiary  butyl 
alcohol  was  added  and  the  mixture  agitated 
vigorously.  The  tubes  were  placed  in  a  37° 
water  bath  for  3  min  and  cooled  to  room 
temperature,  and  the  absorbance  was  mea- 
sured at  630  nm. 

Assay  of  the  seromucoid  fraction.  The  ser- 
omucoid  fraction  was  separated  from  serum 
by  the  method  of  Winzler  (9)  and  was  ex- 
pressed in  terms  of  its  protein  concentration 
as  assayed  by  the  method  of  Lowry  et  al. 
(10). 

Results.  L'glutamine:  D-fructose-O-phos- 
phate  aminotransferase  (AT).  The  changes 
in  AT  activity  following  birth  are  shown  in 
Fig.  1.  The  average  specific  activity  of  the 
enzyme  for  adult  animals  was  47.7  ±1.3 
nmoles/mg  of  protein/hr.  The  enzyme  activ- 
ity at  24  hr  alter  birth  was  one-third  of  the 
adult  level  (17.9  ±  1.1  nmoles/mg/hr).  The 
AT  activity  continued  to  increase  until 
about  14  days  after  birth,  at  which  point  it 
reached  1 .7  times  the  adult  value.  The  peak 
value  was  followed  by  a  gradual  decrease 
over  the  next  2  weeks,  gradually  returning 
to  the  adult  level.  The  specific  activity  of  the 
enzyme  in  older  adult  animals  tended  to  be 
slightly  lower  when  compared  to  that  of 
younger  adult  animals. 

U  DP- N-acetylglucosamine  2  '-epimerase 
(EP)  activity.  As  can  be  seen  in  Fig.  1  the 


Fig.  1 .  Changes  in  specific  activities  of  AT  and  EP 
during  development.  Values  are  presented  as  means  ± 
SD.  Each  point  represents  the  mean  of  four  to  six 
animals.  • •  L-glutamine:i>fructose-6-P  amino- 
transferase (AT).  O O  UDP-GlcNAc  2'  epimerase 

(EP). 
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developmental  pattern  of  EP  activity  was 
quite  similar  to  that  of  AT.  The  average 
specific  activity  of  the  EP  for  adult  animals 
was  75.0  ±6.3  nmoles/mg  of  protein/hr. 
The  enzyme  activity  at  24  hr  after  birth  was 
about  half  the  adult  value  (39.3  ±4.2 
nmoles/mg/hr)  and  continued  to  increase  to 
a  maximum  at  about  14  days,  at  which  point 
it  reached  1 .5  times  the  adult  level.  This  was 
followed  by  a  gradual  decrease  over  the  next 
2  weeks  to  adult  values. 

UDP-N-acetylglucosamine  concentration . 
The  developmental  changes  occurring  in  the 
UDP-GlcNAc  pool  size  are  shown  in  Fig.  2. 
The  UDP-GlcNAc  pool  size  in  adult  livers 
averaged  436  ±  38  nmoles/g  of  liver  in 
these  experiments.  Very  high  concentra- 
tions (963  ±  82  nmoles/g),  approximately 
two  times  the  adult  value,  were  measured  at 
24  hr  after  birth.  These  values  then  contin- 
ued to  decline  slowly  over  the  next  20  days 
and  after  that  decreased  somewhat  more 
sharply  toward  the  adult  level. 

CMP-NANA  concentrations.  The  devel- 
opmental changes  occurring  in  hepatic 
CMP-NANA  concentration  are  shown  in 
Fig.  3.  As  compared  to  UDP-GlcNAc,  less 
dramatic  changes  were  observed  in  the 
CMP-NANA  pool  with  development.  CMP- 
NANA  maintained  a  fairly  constant  concen- 
tration until  about  20  days  after  birth,  de- 
creased sharply  between  20  and  30  days  and 
then  plateaued  for  the  next  20  days.  The 
CMP-NANA  concentration  of  adult  livers 
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Fig.  3.  Changes  in  hepatic  CMP-NANA  conceo> 
tration  during  development.  Assays  were  carried  out 
on  the  same  105,000g  supernatant  used  to  assay  the 
enzyme  activities  presented  in  Fig.  1 .  Values  are  pre- 
sented as  means  ±  SD.  Each  point  represents  the  mean 
of  four  to  six  animals. 


Fig.  4.  Changes  in  serum  seromucoid  concentra- 
tion during  development .  Blood  was  obtained  from  the 
abdominal  aorta,  and  the  seromucoid  fractions  were 
prepared  by  the  method  of  Winzler  (9).  Values  are 
presented  as  means  ±  SD.  Each  point  represents  the 
mean  of  four  to  six  animals. 


Fig.  2.  Changes  in  hepatic  UDP-GIcNAc  concen- 
tration during  development.  Assays  were  carried  out 
on  the  same  105,00()g  supernatant  used  to  assay  the 
enzyme  activities  presented  in  Fig.  1.  Values  are  pre- 
sented as  means  ±  SD.  Each  point  represents  the  mean 
of  four  to  six  animals. 


averaged  157  ±  13  nmoles/g  liver  in  these 
experiments. 

Seromucoid  concentrations.  The  changes 
in  seromucoid  concentration  with  develop- 
ment are  shown  in  Fig.  4.  The  average  con- 
centration of  the  seromucoid  fraction  for 
adult  animals  was  2775  ±  86  /xg/ml  of  se- 
rum. Much  lower  concentrations,  about 
one-third  of  the  adult  value,  were  measured 
at  24  hr  after  birth.  The  seromucoid  concen- 
tration then  continued  to  increase  linearly 
with  development  to  about  the  30th  day, 
after  which  the  rate  of  increase  declined  to 
the  aduh  level  50  days  after  birth. 

Discussion.  The  general  pattern  of  change 
observed  in  AT  and  EP  specific  activities 
agreed  quite  well  with  that  reported  by  Kik- 
uchi  etal.  (11),  with  the  exception  that  they 
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:ent  of  in-  is  to  be  incorporated  into  the  glycoproteins 
activities,  of  the  seromucoid  fraction,  then  the  instan- 
»servations  taneous  concentration  of  these  nucleotide 
)  do  exist,  sugars  would  be  a  function  of  the  rate  at 
be  of  rela-  which  they  are  being  synthesized  and  trans- 
First,  we  f erred  to  the  glycoproteins  of  the  blood 
/ities  in  1-  plasma.  There  is,  of  course,  some  influence 
ition  time,  of  cell  growth  and  proliferation,  but  quan- 
(11),  how-  titatively  this  would  be  minor  compared  to 
:ond,  they  blood  glycoprotein  production  and  secre- 
ictivity  oc-  tion. 

le  we  ob-  The  adult  levels  found  for  CMP-NANA 
out  12-14  concentrations  obtained  in  these  experi- 
ment is  al-  ments  agree  well  with  the  values  reported  by 
Harms  et  aL  (12)  for  normal  liver.  Although 
-ences  ob-  the  method  employed  actually  measured 
ire  not  sig-  free  NANA,  previous  work  has  shown  that 
noted  that  almost  all  of  the  NANA  found  in  105,000g 
td  out  on  supematants  of  liver  tissue  exists  as  CMP- 
vhile  those  NANA.  Liver  supernatants  not  subjected  to 
med  on  0-  hydrolysis  show  only  traces  of  free  NANA. 
P  and  40-  It  is  difficult  to  explain  the  increase  in  the 
\  It  is  pos-  older  adult  animals  after  the  seromucoid 
rsorinhib-  levels  have  come  to  equilibrium,  but  may 
e  enzymes  reflect  developmental  changes  in  sialyltrans- 
is  are  used  f erase  activity. 

tly  diluted  Both  UDP-GlcNAc  and  CMP-NANA  are 
ammonium  known  to  be  feedback  inhibitors  of  the  ini- 
love  these  tial  enzymes  in  their  respective  pathways 
hat  effects  (13).  What  effect  the  changes  in  the  hepatic 
y  have  on  concentrations  of  these  compounds  has  on 
ter  of  con-  the  specific  activities  of  these  enzymes  is 
s  the  more  difficult  to  evaluate,  since  it  is  clear  that  the 
feedback  inhibition  exerted  can  be  very 
5ack  inhib-  complex.  Winterburn  and  Phelps  (14)  and 
tic  concen-  Miyagi  and  Tsuiki  (15)  for  example,  have 
eased  with  shown  that  the  control  of  AT  is  not  regu- 
about  50  lated  by  fluctuation  in  the  UDP-GlcNAc 
ntration  of  concentrations  but  rather  is  due  to  altera- 
a  balance  tions  in  the  ATrUDP-GlcNAc  binding  con- 
it  is  inter-  stant  evoked  by  the  secondary  effectors 
of  hepatic  UTP,  G-6-P,  and  AMP.  Similar  complex 
h  develop-  relationship  may  exist  between  ^P  and 
hat  for  the  CMP-NANA.  Further  investigations  involv- 
;e  continu-  ing  measurements  of  the  intracellular  con- 
:n  level  off  centrations  of  such  secondary  effectors  with 
.  A  similar  development  must  be  carried  out  before  the 
he  pattern  relationship  between  enzyme  activity  and 
»id  fraction  amino  sugar  nucleotides  can  be  clarified, 
of  CMP-  Summary.  Changes  in  hepatic  hexosa- 
g  this  time  mine  metabolism  and  serum  seromucoid 
ajorfateof  concentrations  during  postnatal  develop- 
4P-NANA  ment  were  investigated  in  the  rat.  A  rela- 


630 


GLUCOSAMINE    METABOLISM 


lively  low  activity  of  hepatic  L-glutamine: 
D-fructose-6-phosphate  aminotransferase 
(AT)  was  observed  within  24  hr  of  birth. 
This  rapidly  increased  to  a  maximum  at 
about  2  weeks  of  age,  followed  by  a  decline 
to  adult  levels  after  another  2  weeks.  The 
developmental  pattern  of  hepatic  UDP- 
N-acetylglucosamine  2'-epimerase  (EP) 
closely  resembled  that  of  AT.  It  was  rela- 
tively low  in  the  newborn,  increased  to  a 
maximum  at  about  2  weeks  and  then  de- 
clined to  adult  values  after  another  2  weeks. 
The  serum  seromucoid  concentration  was 
low  in  new  born  rats  and  then  increased 
gradually  with  development  to  adult  levels 
at  about  50  days. 

The  hepatic  concentrations  of  UDP- 
GlcNAc  and  CMP-NANA  both  were  rela- 
tively high  at  24  hr  after  birth  compared  to 
values  observed  at  50  days.  The  develop- 
mental pattern  observed  for  both  over  this 
time  period  was  quite  similar  and  was  al- 
most the  reciprocal  to  that  for  the  seromu- 
coid fraction.  After  50  days  the  concentra- 
tion of  UDP-GlcNAc  remained  constant  at 
adult  levels  as  did  that  of  the  seromucoid 
fraction,  but  the  concentration  of  CMP- 
NANA  showed  a  marked  increase. 

It  is  suggested  that  the  hepatic  concentra- 
tions of  these  amino-sugar  nucleotides  dur- 
ing development  primarily  reflect  the  de- 
mand for  the  hepatic  synthesis  and  secretion 
of  plasma  glycoproteins  as  reflected  in  the 
seromucoid  fraction. 
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e  C-terminai  heptapeptide  homoiog  of 
»tensin  II,  angiotensin  III,  has  been 
mstrated  to  be  an  active  peptide  of  the 
-angiotensin-aldosterone  system  in  a 
)er  of  biologic  systems  (1).  Most  nota- 
as  been  its  steroidogenic  effect  on  the 
lal  zona  glomerulosa  in  a  variety  of 
es  (2-4)  including  man  (5).  Two  path- 

for  angiotensin  III  formation  can  be 
ilated.  Classically,  angiotensin  I,  the 
)eptide,  is  acted  upon  by  converting 
nes  to  generate  the  octapeptide,  angi- 
in  II.  Subsequently,  aminopeptidases 
1  catalyze  the  degradation  of  angioten- 
[  (6)  could  lead  to  the  formation  of 
•tensin  III.  Alternatively,  aminopepti- 

could  act  initially  upon  the  decapep- 
angiotensin  I,  to  form  the  C-terminal 
peptide,  (des-Asp*)-angiotensin  I.  Hy- 
sis  of  the  nonapeptide  by  converting 
nes  would  yield  the  heptapeptide,  an- 
nsin  III  (2). 

e  conversion  of  synthetic  (des-Asp*)- 
tensin  I  by  purified  converting  en- 
s  has  been  demonstrated  in  vitro .  The 
alues  and  the  Vm&xl^m  ratios  favored 
onapeptide  over  the  decapeptide  with 
enzymes.  Therefore,  the  nonapeptide 
ictually  a  better  substrate  for  porcine 
la  and  pulmonary  converting  enzymes 
was  angiotensin  I  (7). 
giotensin  III  has  both  steroidogenic 
pressor  activity  in  the  intact  rat  (8). 
3tensin  III  has  been  isolated  and  quan- 
from  the  plasma  of  man,  dog,  and  rat 
D).  The  plasma  concentration  of  angi- 
in  III  relative  to  angiotensin  II  is  quite 
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high  in  the  rat  (10).  Hence,  in  the  present 
study,  the  rat  was  utilized  to  compare  the 
relative  steroidogenic  and  pressor  effects  of 
(des-Asp^)-angiotensin  I  and  angiotensin 
III.  In  addition,  we  determined  if  the  effects 
of  the  C-terminal  nonapeptide  of  angioten- 
sin I  were  direct  or  dependent  on  cleavage 
of  the  nonapeptide  by  converting  enzymes 
and  generation  of  the  active  heptapeptide. 

Materials  and  methods.  Male  Wistar  rats 
(200-300  g)  were  maintained  on  low  so- 
dium rat  chow  (4  fiEq  NaVg,  General  Bio- 
chemicals)  and  0.5%  saline  solution  ad  libi- 
tum for  at  least  S  days  to  insure  normal 
sodium  intake.  They  were  housed  individ- 
ually in  metabolic  cages  in  a  temperature 
controlled  room  (20-22**)  illuminated  be- 
tween 6:00  AM  and  6:00  pm. 

Pressor  responses,  A  group  of  10  rats  was 
anesthetized  with  ether.  Following  bilateral 
nephrectomy,  the  iliac  artery  and  femoral 
vein  were  cannulated  with  PE-50  intramedic 
tubing.  The  animals  were  allowed  to 
awaken  and  stabilize  for  1  to  2  hr  in  re- 
straining cages.  Blood  pressure  was  moni- 
tored through  the  arterial  cannula  attached 
to  a  Statham  P23D  pressure  transducer  con- 
nected to  a  Brush  Mark  220  recorder.  Pep- 
tides were  administered  intravenously  via  a 
Harvard  infusion  pump  in  a  50- fjd  volume  of 
5%  dextrose  in  water  (D5W)  and  flushed 
with  50  fi\  of  D5W.  (Des-Asp^)-angiotensin 
I,  angiotensin  II,  and  angiotensin  III  were 
administered  in  random  order.  One-half 
hour  after  administration  of  the  last  peptide, 
a  300  /Ltg/kg  bolus  injection  of  converting 
enzyme  inhibitor,  Bothrops  jararaca  nona- 
peptide (Spectrum  Medical  Industries  Lot 
No.  215865),  was  given  in  a  volume  of  100 
/Ltl.  Responses  to  (des-Asp*)-angiotensin  I 
and  angiotensin  II  were  obtained  after  treat- 
ment with  the  enzyme  inhibitor.  The  angi- 
otensin nona-  and  heptapeptides  were  ad- 
ministered only  during  a  time  period  from  5 
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to  20  min  after  treatment  with  the  B.  jarar- 
oca  peptide. 

Steroidogenic  response.  An  additional  24 
rats  were  killed  by  decapitation  and  the  ad- 
renal glands  were  quickly  removed  and 
cleaned.  The  inner  zones  and  medulla  were 
removed  and  the  remaining  capsular  layer 
was  minced.  The  minced  tissue  was  incu- 
bated in  a  Dubnoff  metabolic  shaker  for  15 
min  at  60  rpm  under  an  atmosphere  of  95% 
©2/5%  CO2  in  Krebs-Ringer  bicarbonate 
buffer  containing  0.2%  D-glucose,  4%  albu-  ' 
min,  0.008%  (DNase)  (KRBGAD),  and 
0.2%  trypsin.  The  tissue  was  washed  twice 
with  KRBGAD  containing  0.1%  trypsin  in- 
hibitor, followed  by  incubation  for  20  min  at 
120  rpm  in  KRBGAD  with  0.1%  trypsin 
inhibitor  and  0.04%  collagenase.  The  tis- 
sues were  then  pipetted  75  times  with  a  1-ml 
biopii)et  and  reincubated  for  10  min.  The 
dissociated  cells  were  filtered  through  150- 
/Lim^  nylon  mesh  and  the  filtrate  centrifuged 
at  4**  for  15  min  at  lOQg.  The  pellet  was 
washed  and  finally  resuspended  in  1  ml  of 
KRBGA.  The  number  of  viable  cells  was 
determined  by  exclusion  staining  with  nigro- 
sin  and  counting  with  a  Neubauer  hemocy- 
tometer. 

The  cell  suspensions  were  divided  into 
aliquots  containing  5  x  lO'*  cells,  diluted  to 
1  ml  with  KRBGA,  and  equilibrated  for  30 
min  at  60  rpm  in  a  Dubnoff  bath  (37**,  95% 
O2,  5%  CO2).  Steroidogenic  compounds  to 
be  tested  were  added  in  10- /il  volumes  after 
the  equilibration  period.  The  same  amount 


of  vehicle  was  added  to  controls.  When  uti- 
lized, B,  jararaca  nonapeptide  was  adminis- 
tered 5  min  prior  to  the  addition  of  the 
angiotensins.  The  experimental  incubation 
time  was  1  hr  after  addition  of  steroidogenic 
peptides. 

The  LH-20  column  purification  and  al- 
dosterone assay  were  performed  according 
to  the  method  of  Sarstedt  et  al.  (11). 

Results.  Pressor  effects.  The  cardiovascu- 
lar responses  to  angiotensin  II,  (des-Asp^)- 
angiotensin  I,  and  angiotensin  III  are  shown 
in  Fig.  1.  Both  the  nonapeptide  and  the 
heptapeptide  exhibited  about  one-third  of 
the  pressor  activity  of  angiotensin  II.  There 
was  no  statistical  difference  between  the 
pressor  responses  to  the  nonapeptide  and 
angiotensin  III. 

Pretreatment  with  the  converting  enzyme 
inhibitor  (CEI),  B.  jararaca  nonapeptide,  at 
a  fixed  dose  of  300  Mg/kg  (dose  required  to 
block  the  response  to  an  ED50  dose  of  angi- 
otensin I)  markedly  reduced  (p  <  0.01)  the 
pressor  activity  of  (des-Asp*)-angiotensin  1 
at  all  doses  administered  (Fig.  2).  Inhibition 
of  converting  enzyme  did  not  alter  the  pres- 
sor response  to  angiotensin  III.  Since  higher 
concentrations  of  CEI  were  not  utilized,  re- 
sidual pressor  activity  of  the  nonapeptide 
may  represent  either  uninhibited  converting 
enzyme  activity  or  the  direct  intrinsic  activ- 
ity of  the  angiotensin  nonapeptide  (or 
both). 

To  clearly  quantify  the  intrinsic  activity  of 
(des-Asp^)-angiotensin    I    on    aldosterone 
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Fig.  1.  Increase  in  mean  arterial  blood  pressure      Each  point  represents  the  mean  ±  SEM  of  eight  expeh- 

induced  by  angiotensin  II  (• •),  angiotensin  III      mental  observations. 

(^ A),  and  [des-Asp»}-angiotensin  I  (■ ■). 
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Inhibition  of  [des-Asp*}-angiotensin  I-in- 
I  pressor  responses  with  300  /ig/kg  of  B. 
onapeptide  (■).  Each  bar  represents  the 
LM  of  eight  observations.  The  *  indicates p  < 


esis,  the  in  vitro  zona  glomenilosa 
tensions  were  studied.  In  the  rat 
M)na  glomenilosa,  (des-Asp*)-angi- 

had  only  0.1  %  of  the  steroidogenic 
f  angiotensin  III  (Fig.  3).  After 
It  with  CEI,  the  concentration  of 
P*)-angiotensin  I  had  to  be  in- 
to 1  x  10"*  M  before  a  significant 
dosterone  (p  <  0.01)  occurred.  In 
idies  with  rat  adrenal  cell  suspen- 
giotensin  I  was  found  to  be  about 
x>tent  as  angiotensin  III,  and  the 

to  the  decapeptide  was  not  altered 
itly  by  treatment  with  the  B.  jara- 
apeptide  (data  not  shown).  In  con- 
:omparable  response  was  obtained 

10"®  M  angiotensin  III.  The  weak 
jenic  response  to  (des-Asp*)-angi- 
[  reflected  direct  activity  since  the 

was  not  significantly  inhibited  (p 
•y  1  X  10"*  Af  or  higher  concentra- 
CEI.  Converting  enzyme  inhibitor 
ffect  on  basal  steroidogenesis  or  on 
sin  Ill-induced  aldosterone  biosyn- 

sion.  It  has  been  established  in  the 
angiotensin  III  induces  a  steroido- 
>ponse  comparable  to  that  of  angi- 
[I  and  possesses  about  one-third  of 
sor  potency  of  angiotensin  II  (8). 
giotensin  III  is  the  product  of  the 
al  actions  of  both  converting  en- 
nd  aminoi)eptidases,  it  is  theoreti- 


cally possible  that  (des-Asp^)-angiotensin  I 
could  be  a  precursor  of  angiotensin  III. 
However,  this  would  necessitate  the  rapid 
hydrolysis  of  the  nonai)eptide  by  converting 
enzymes  in  vivo,  (Des-Asp*)-angiotensin  I 
has  been  shown  to  be  a  substrate  for  por- 
cine-converting enzymes  in  vitro  (7).  Ad- 
ministration of  the  nonapeptide  in  the  con- 
scious rat  produced  pressor  changes  indis- 
tinguishable from  those  obtained  with  the 
heptapeptide.  In  addition,  this  pressor  re- 
sponse could  be  significantly  attentuated  by 
pretreatment  with  the  CEI,  indicative  of 
rapid  conversion.  Residual  pressor  effects 
could  be  due  to  intrinsic  activity  of  the  nona- 
I)eptide  or  incomplete  inhibition  of  conver- 
sion. The  latter  explanation  is  more  plausi- 
ble since  (des-Asp*)-angiotensin  I  has  very 
little  direct  biologic  activity  on  the  isolated 
rat  uterus  (12).  In  the  rat,  if  (des-Asp*)- 
angiotensin  I  is  present  in  the  circulation,  it 
will  serve  as  a  substrate  for  coverting  en- 
zymes and  therefore  is  a  potential  precur- 
sor of  angiotensin  III. 

These  in  vivo  studies  provided  evidence 
for  the  potential  alternate  pathway  for  the 
generation  of  angiotensin  III  and  stimulated 
evaluation  of  (des-Asp*)-angiotensin  I  on 
aldosterone  biosynthesis.  Sodium  depriva- 
tion results  in  renin  release,  activation  of 
aminopeptidases  (6),  and  increased  aldos- 
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Fig.  3.  Steroidogenic  actions  of  [des-Asp*]-angi- 
otensin  I  and  angiotensin  III  in  rat  adrenal  cell  suspen- 
sions. Bars  from  left  to  right  represent  control  (D); 
[des-Asp»}-angiotcnsin  I  1  x  10-«and  1  x  10"^  A/  (H); 
[des-Asp^]-angiotensin  I  1  x  10"*  M  plus  B.  jararaca 
nonapeptide  1  x  10"*  M  (H);  B.  jararaca  nonapeptide 
1  X  10-«  A/ (■);  angiotensin  III  1  x  lO'and  1  x  10* 
M  (■).  Each  bar  represents  the  mean  ±  SEM  of  5-6 
observations  in  different  cell  preparations.  The  *  indi- 
cate p  <  0.05. 
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terone  biosynthesis  which  is  resistant  to 
blockade  by  angiotensin  II  antagonists  (11). 
A  role  for  angiotensin  Ill-induced  aldoster- 
one biosynthesis  in  sodium  deficient  states  is 
suggested  by  the  finding  that  subcutaneous 
administration  of  (Ile^)-angiotensin  III  par- 
tially decreased  aldosterone  biosynthesis 
(11).  The  present  studies  on  steroidogenesis 
were  performed  in  vitro  so  that  accurate 
assessment  of  the  direct  steroidogenic  activ- 
ity of  (des-Asp')-angiotensin  I  could  be  ob- 
tained. The  aldosterone  responses  of  cell 
suspensions  show  that  (des-Asp*)-angioten- 
sin  I  has  little  capacity  to  stimulate  steroid 
biosynthesis.  However,  the  increase  in  al- 
dosterone synthesis  obtained  with  micromo- 
lar  concentrations  of  angiotensin  nonapep- 
tide  (0.1%  of  the  steroidogenic  effect  of 
angiotensin  III)  represents  direct  activity 
since  it  was  not  inhibited  by  CEI. 

The  results  of  the  present  investigation 
support  the  proposed  alternate  pathway  for 
the  formation  of  angiotensin  III  from  (des- 
Asp*)-angiotensin  I.  Therefore,  angiotensin 
III  may  be  formed  by  the  C-terminal  hydrol- 
ysis of  (des-Asp^)-angiotensin  I  and/or  the 
N-terminal  degradation  of  angiotensin  II. 

Summary,  (Des-Asp*)-angiotensin  I,  an- 
giotensin II  and  III  were  evaluated  for  pres- 
sor activities  in  conscious  nephrectomized 
rats  and  for  steroidogenic  actions  in  rat  ad- 
renal zona  glomerulosa.  The  pressor  effect 
of  this  angiotensin  nonapeptide  was  similar 
to  that  found  with  mole-equivalent  doses  of 
angiotensin  III  (one-third  as  active  as  angi- 
otensin II)  and  was  significantly  attenuated 
by  pre  treatment  with  the  B.  jararaca  nona- 
peptide converting  enzyme  inhibitor. 
Hence,  (des-Asp*)-angiotensin  I  is  a  sub- 
strate for  converting  enzyme  in  vivo,  and 
the  rapid  conversion  indicates  that  an  alter- 
nate pathway  for  the  formation  of  angioten- 


sin III  could  exist.  (Des-Asp^)-angiotensin  1 
possessed  only  0.1%  of  the  activity  of  angi- 
otensin III  as  a  steroidogenic  agent  in  ceU 
suspensions  of  rat  adrenal  zona  glomeru- 
losa. Angiotensin  I  was  a  weak  steroido- 
genic agent  in  vitro  (1%)  and  was  not 
blocked  by  an  inhibitor  of  converting  en- 
zyme. Adrenal  cells  dispersed  from  the 
outer  zone  of  the  cortex  would  appear  to  be 
devoid  of  significant  converting  enzyme  ac- 
tivity. 
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lulfhydryl  Group  of  Monellin:  Its  Chemical  Reactivity  and  Importance  to  the 
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chemostimulatory  protein  monellin, 
protein  of  molecular  weight  10,700, 
itensely  sweet  (1-4).  A  combination 
snce  from  amino  acid  analyses  and 
lusion  chromatography  shows  that 
xies  of  minimal  molecular  weight 
weet  and  contains  a  single  cysteine 
(2).  Van  der  Wei  and  Loeve  (3), 
r,  reported  Hnding  no  free  — ^SH  in 
tein  using  Ellman's  reagent.  Rather, 
ported  that  reduction  of  monellin 
5  M  cysteine  or  ethanethiol  elimi- 
he  sweet  taste,  and  they  suggested 
-SS —  bond  is  involved  in  its  sweet- 
he  tertiary  structure  does  appear  to 
)rtant  for  the  sweet  taste  of  monellin 

earlier  findings  that  the  monellin 
e  contains  a  single  cysteine  residue 
ve  (sweet)  molecule  (2)  are,  there- 
variance  with  the  reported  presence 
JS —  bond.  The  possibility  that  mo- 
light  be  a  dimer  of  molecular  weight 
in  its  sweet-tasting  form  was  ruled 

In  this  paper  we  demonstrate  that  a 
ree  -SH  is  present  in  native  monel- 

that  chemical  modifications  of  the 
ad  to  a  concomitant  decrease  in 
SS  of  the  protein. 

'ials  and  methods.  lodoacetic  acid, 
iptoethanol  (Eastman),  high  purity 
le-hydrochloride  (Odn-HCl)  (Heico, 
Delaware  Water  Gap,  Pa.),  5,5'- 
is(2-nitrobenzoic  acid)  (DTNB), 
)xymercuribenzoate  (sodium  salt) 
),  cysteine  (free  base),  dithioeryth- 
»dium  dodecyl  sulfate  (Sigma),  and 
e  urea  (Schwarz-Mann)  were  used 

ess  correspondence  to  Dr.  Robert  H.  Cagan 
3neU  Chemical  Senses  Center,  University  of 
inia,  Philadelphia,  Pa.  19104. 
nt  address:  International  Flavors  and  Fra- 
Union  Beach,  New  Jersey  07735. 


without  further  purification.  Monellin  was 
purified  as  described  previously  (1,  5),  and 
solutions  were  prepared  from  lyophilized 
protein  held  over  P205i>i  vacuo  at  4°.  Other 
chemicals  were  reagent  grade. 

The  — ^SH  content  of  native,  denatured, 
or  carboxymethylated  monellin  was  deter- 
mined by  titration  with  PHMB  using  the 
procedure  of  Boyer  (6)  as  described  by 
Riordan  and  Vallee  (7).  Titrations  were 
performed  at  room  temperature  (24-25°)  in 
an  initial  reaction  volume  of  4  ml,  buffered 
at  either  pH  7.0  (0.01  M  sodium  phosphate) 
or  pH  4.5  (sodium  acetate).  The  monellin 
for  the  sample  in  acetate  was  prepared  in 
1 .5  ml  of  0.1  ^  acetic  acid  and  added  to  the 
cuvette  containing  2.5  ml  of  0.33  M  Na 
acetate,  final  pH  4.5.  The  appropriate  dena- 
turant  was  in  the  cuvette,  and  the  reference 
cuvette  had  only  the  protein  omitted.  After 
addition  of  each  10- /xl  aliquot  of  PHMB 
(containing  approximately  10  nmoles),  the 
absorbance  was  measured  until  it  reached  a 
constant  value.  The  absorbance  at  either 
250  nm  (pH  7.0)  or  255  nm  (pH  4.5)  was 
measured  in  1-cm  path  length  quartz  cu- 
vettes with  a  Zeiss  PMQ II  spectrophotome- 
ter. Protein  concentration  was  adjusted  to 
between  60  and  80  nmoles  of  monellin  per  4 
ml,  and  was  determined  for  each  titration 
from  the  absorbance  at  277  nm  (2).  The 
reactivity  of  the  PHMB  was  confirmed  by 
titration  of  2-mercaptoethanol  and  of  dithi- 
oferythritol. 

Monellin  was  titrated  with  DTNB  (24**) 
according  to  the  method  of  Ellman  (8)  in 
either  the  absence  or  presence  of  denatu- 
rants.  The  sample  cuvette  contained,  in  a 
total  volume  of  3  ml,  150  /xmoles  of  sodium 
phosphate  buffer  (pH  8.0),  0.2  /xmole  of 
DTNB,  and  usually  about  75  nmoles  (0.8 
mg)  of  monellin.  The  reference  cuvette  con- 
tained the  same  mixture  without  protein. 
The  increase  in  absorbance  at  412  nm  was 
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followed  in  l-cm  path  length  quartz  cuvettes 
in  the  Zeiss  PMQ  II.  As  controls,  2-mercap- 
toethanol  or  dithioerythritol  were  titrated 
similarly  in  the  absence  and  presence  of  the 
denaturants. 

Monellin  was  carboxymethylated  with  io- 
doacetate  (9)  in  0.05  M  Tris-HCl  buffer 
(pH  8.4),  in  the  absence  and  presence  of  6 
M  Gdn-HCl.  Monellin  was  dissolved  in  the 
Tris  buffer  or  the  Tris-guanidine  solution 
immediately  before  use.  Carboxymethyla- 
tion  of  protein  samples  of  approximately  10 
mg  was  carried  out  at  ambient  temperature 
(26-28°)  in  a  total  volume  of  2  ml  with 
magnetic  stirring  for  2  hr.  The  reaction  was 
initiated  by  adding  the  iodoacetate  (10 
/xmoles  in  0.1  ml  of  the  buffer).  A  control 
sample  stirred  in  buffered  Gdn-HCl  was 
included.  The  pH  was  maintained  between 
8.4  and  8.5  by  adding  small  aliquots  oil  N 
NaOH.  After  2  hr,  the  reaction  mixture  was 
cooled  in  ice  and  dialyzed  overnight  at  4° 
against  4  liters  of  0.01  M  sodium  phosphate 
buffer  (pH  7.1).  During  dialysis  of  the  guan- 
idine-containing  samples  (carboxymeth- 
ylated and  control),  small  amounts  of  pro- 
tein precipitated.  This  precipitated  protein, 
which  amounted  to  less  than  5%  of  the 
original  samples,  was  removed  by  centrifu- 
gation  and  the  supernatant  solutions  were 
used  for  the  taste  assays  and  — SH  titra- 
tions. The  sedimented  material  was  dis- 
solved in  1 .5  ml  of  0.1  TV  acetic  acid  (precip- 
itates were  not  soluble  in  neutral  solutions) 
and  also  analyzed  for  — SH  content,  but 
adequate  taste  evaluation  was  difficult  be- 
cause of  the  high  acid  concentration  relative 
to  the  concentration  of  monellin. 

Samples  of  monellin  (1  mg)  were  treated 
with  2-mercaptoethanol  (7  mA/,  0.05  A/,  or 
0.71  M),  cysteine  (0.5  A/),  or  dithioeryth- 
ritol (0.05  M)  (10),  in  either  0.01  M  sodium 
phosphate  buffer  (pH  7.0),  or  0.01  N  acetic 
acid  (pH  2.9).  Thiols  were  present  in  15-  to 
1500-fold  molar  excess  over  the  ptotein. 
Reductions  were  carried  out  at  room  tem- 
perature (24°)  for  1  hr  (cysteine)  or  18  and 
24  hr  (mercaptoethanol  or  dithioerythritol). 

For  air-exposure  of  monellin,  samples 
were  dissolved  (5  mg/ml)  in  either  0.01  M 
sodium  phosphate  buffer  (pH  7.0)  (con- 
trol), 6  M  Gdn-HCl,  or  6  Af  Gdn-HCl  con- 
taining 0.14  A/  mercaptoethanol.  The  latter 


two  solutions  were  prepared  in  the  phos- 
phate buffer  and  titrated  to  pH  7.0  with 
NaOH.  The  thiol-containing  sample  was 
flushed  with  nitrogen  and  kept  covered  with 
parafilm,  while  the  other  two  samples  were 
left  exposed  to  the  air.  The  samples  were 
magnetically  stirred  for  2  hr  at  ambient  tem- 
perature (24-26°).  The  two  samples  left  ex- 
posed to  the  air  were  then  dialyzed  over- 
night at  4°  against  2  liters  of  0.1  ^V  acetic 
acid;  the  thiol-containing  sample  was  di- 
alyzed against  1  liter  of  0.1  N  acetic  acid 
that  contained  14  mAf  mercaptoethanol. 
The  dialyzed  samples  were  assayed  for 
sweetness  and  protein  concentration. 

Protein  concentration  was  estimated  from 
the  absorbance  of  monellin  at  277  nm 
(€277nm  =  1 .47  X  10^  Af"'  cm'*  [2]).  Sweet- 
ener  activity  was  estimated  as  described 
previously  (1). 

Results.  Content  of  free  — SH.  Reaction  of 
native  monellin  with  PHMB  was  very  slow. 
demonstrating  that  the  — SH  is  relatively 
inaccessible.  Complete  reaction  of  each  ali- 
quot of  added  PHMB  (approximately  10 
nmoles)  required  30  min  or  longer  (Table 
I),  in  contrast  to  the  essentially  instanta- 
neous reaction  of  identical  aliquots  of 
PHMB  with  small  molecule  thiols  (e.g., 
mercaptoethanol).  At  either  pH  7.0  or  pH 
4.6  the  presence  of  1  mole  of  titratable 
— SH  per  mole  of  protein  was  found,  con- 
firming the  presence  of  one  cysteine  residue 
that  was  established  by  amino  acid  analyses 
(2).  Monellin  titrated  with  PHMB  in  the 
presence  of  each  of  three  common  protein 
denaturants  showed  close  to  1  titratable 
— SH  per  molecule  of  monellin  (Table  1), 
and  in  contrast  to  the  slow  reaction  with 
native  monellin,  denatured  monellin  re- 
acted very  rapidly  with  each  aliquot  of 
added  PHMB.  This  clearly  demonstrated 
the  increased  accessibility  of  the  — SH. 

The  presence  of  a  single  titratable  — SH 
in  monellin  was  also  confirmed  by  titration 
with  DTNB  (Ellman's  reagent)  (Table  II). 
As  with  PHMB,  DTNB  reacted  extremely 
slowly  with  native  monellin;  complete  reac- 
tion would  require  more  than  25  hr,  com- 
pared with  2  to  5  min  for  complete  reaction 
of  DTNB  with  mercaptoethanol  or  dithioe- 
rythritol. The  long  time  period  required  for 
the  — SH  of  native  monellin  to  react  ex- 
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TABLE    I.    SULFHYDRYL  CONTENT  OF  MoNELLIN  BY  PHMB  TITRATION. 


Moles  -SH/ 

Nanomoles  of 

Nanomoles  of 

mole  of  monel- 

Titration condition^ 

monellin 

-SH 

lin 

Reaction  time* 

Sodium  phosphate,  pH  7.0 

76.0 

76.0 

1.00 

30  min 

Sodium  acetate,  pH  4.5 

49.6 

46.5 

0.94 

45  min 

1%  Sodium  dodecyl  sulfate 

70.3 

58.5 

0.83 

30  sec 

6  M  Gdn-HCl 

67.8 

44.0 

0.65 

30  sec 

8  M  Urea 

69.0 

51.5 

0.75 

30  sec 

"  Titrations  in  denaturants  were  carried  out  in  the  phosphate  buffer  (pH  7.0)  as  described  under  Materials  and 
ethods.  (The  first  sample  is  also  the  first  sample  in  Table  III.) 

^  Reaction  time  for  the  first  two  samples,  without  denaturant,  is  the  minimum  time  required  for  each  aliquot  of 
ded  PHMB  to  react  (except  for  the  initial  addition,  which  was  somewhat  more  rapid).  The  reaction  time 
licated  for  each  of  the  three  samples  in  denaturants  is  the  maximum  time  required  for  complete  reaction  of  each 
ded  aliquot.  For  these  samples,  reaction  of  each  aliquot  of  PHMB  was  essentially  complete  in  the  time  required 
mix  the  sample  and  place  it  into  the  spectrophotometer. 

TABLE    n.    SULFHYDRYL  CONTENT  OF  MoNELLIN  BY  DTNB  TrTRATION. 


Titration  condition^ 

Nanomoles 
of  monellin 

Nanomoles  of 
-SH 

Moles  -SH/ 
mole  of  mo- 
nellin 

Reaction  time* 

0.05  M  Na  phosphate,  pH  8.0 
1%  Sodium  dodecyl  sulfate 
5.7  A#  Gdn-HCl 
7.6  yv/  Urea 

70.4 
70.4 
70.4 
70.4 

52.5 
62.4 
48.2^ 
58.6 

0.74 
0.89 
0.69^ 
0.83 

>25hr 
10  min 
10  min 
50  min 

'  Titrations  were  carried  out  in  the  phosphate  buffer  (pH  8.0)  as  described  under  Materials  and  Methods.  The 
iginal  denaturant  concentrations  for  the  last  two  samples  were  6  M  (Gdn-HCl)  and  8  M  (urea),  but  addition  of 
quots  of  protein  (in  deionized  water)  and  DTNB  (in  0.05  M  sodium  phosphate  buffer,  pH  7.0)  resulted  in  the 
lal  concentrations  indicated.  (The  titration  curves  for  the  samples  in  denaturants  are  shown  in  Fig.  1 .) 
^  The  reaction  time  is  the  approximate  time  to  reach  the  maximal  absorbance  at  412  nm  (see  Fig.  1).  Even  after 
i  hr  the  absorbance  for  the  first  sample  (native)  had  not  reached  a  maximum. 

^  DTNB  titrations  proved  to  be  less  reliable  in  the  presence  of  Gdn-HCl  because  the  colored  reaction  product 
IS  unstable  (see  Fig.  1  and  inset). 

ains  the  absence  of  — SH  in  monellin  re-  complete  titration  with  either  PHMB  or 

jrted  by  van  der  Wei  and  Loeve  (3).  In  the  DTNB.  When  native  monellin  had  been  ti- 

'esenceof  a  denaturant,  the — SH  group  of  trated,  the  loss  of  sweetness  was  not  re- 

onellin  reacted  much  more  rapidly  (Table  versed  by  dialysis  against  phosphate  buffer 

,  Fig.  1),  and  titration  with  DTNB  showed  (pH  7.0)  containing  a  large  excess  (10^  to 

le  presence  of  approximately  1  — SH  j)er  10^  molar  excess)  of  either  mercaptoethanol 

olecule  (Table  II).  DTNB  titrations  in  or  dithioerythritol.  However,  full  reversal 

dn-HCl  are  less  reliable  than  in  the  other  was  achieved  under  the  following  condi- 

maturants  because  the  colored  reaction  tions.  Monellin  in  the  presence  of  8  Af  urea 

'oduct  is  unstable  in  Gdn-HCl  (Fig.  1).  was  inactivated  by  a  20-fold  molar  excess  of 

he  maximal  absorbance  reached  before  the  PHMB;  the  protein  was  then  dialyzed  first 

»lor  began  to  fade  was  usually  70  to  80%  against  0.1  ^V  acetic  acid  containing  7  mAf 

theoretical.  This  chromophore  instability,  mercaptoethanol,  then  against  large  vol- 

hich  was  encountered  both  with  monellin  umes  of  0.1  TV  acetic  acid  alone,  and  finally 

id  small  molecule  thiols  (inset  to  Fig.  1),  against  0.01  M  sodium  phosphate  buffer 

is  been  reported  previously  (11)  and  is  (pH   7.0).  The   recovered  protein   tasted 

)ubtless  due  to  the  Gdn-HCl  or  a  trace  sweet.  (The  final  two  dialysis  steps  are  prob- 

impurity  in  it.  For  example,  monellin  that  ably  not  essential  for  recovery  of  sweetness, 

as  first  denatured  in  Gdn-HCl  and  then  but  were  included  in  this  particular  exj)eri- 

alyzed,  subsequently  showed  a  normal  ti-  ment  because  of  other  studies  that  were  car- 

ation  in  the  presence  of  dodecyl  sulfate.  ried  out  on  the  protein  sample.) 

Monellin  no  longer  tastes  sweet  after  Carboxymethylation  of  monellin.  Treat- 
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ment  of  native  monellin  with  iodoacetate  for 
2  hr  resulted  in  only  a  slight  decrease  in 
PHMB-titratable  — SH  content  (Table  III). 
The  retention  of  88%  of  the  titra table  — SH 
corresponded  quite  well  with  the  82%  re- 
tention of  sweetness.  Monellin  retains  its 
sweet  taste  following  treatment  with  6  M 
Gdn-HCI  at  acid  pH,  although  some  loss  in 
sweetness  occurs  after  denaturation  at  neu- 
tral or  slightly  alkaline  pH  (5).  Advantage 
was  taken  of  the  latter  observation.  Monel- 
lin that  was  carboxymethylated  in  the  pres- 
ence of  Gdn-HCI  at  alkaline  pH  was  com- 
pletely devoid  both  of  titratable  — SH  and 
of  sweetness  (Table  III),  while  the  control 
sample  incubated  in  Gdn-HCI  had  retained 


52%  of  the  sweetness,  closely  paralleling 
the  60%  retention  of  titratable  — SH. 

Reduction  and  air-oxidation.  It  was  re- 
cently reported  that  reduction  of  monellin 
with  thiols  resulted  in  loss  of  sweetness  (3). 
This  has  not  been  confirmed.  Monellin 
maintained  at  neutral  pH  in  the  presence  of 
0.5  M  cysteine  (1  hr),  7  mAf  -  0.71  M 
mercaptoethanol  (18  hr),  or  0.05  M  dithioe- 
rythritol  (24  hr)  retained  full  sweetness  ac- 
tivity. Exposure  to  the  latter  two  reducing 
agents  (0.05  M)  at  low  pH  for  24  hr  was  also 
ineffective  in  decreasing  sweetness. 

The  somewhat  low  — SH  values  deter- 
mined in  the  presence  of  denaturants  are 
possibly  due  to  oxidation  of  the  — SH  (5). 


Fig.  1 .  DTNB  titration  of  denatured  monellin.  A  stock  solution  of  monellin  was  prepared  in  deionized  water 
and  aliquots  (0.16  ml  containing  70.4  nmoles)  were  titrated  in  the  presence  of  the  indicated  denaturants  in  0.05  M 
sodium  phosphate  buffer  (pH  8.0).  The  concentrations  of  denaturants  were  1%  (w/v)  sodium  dodecyl  sulfate,  5.7 
M  Gdn-HCK  and  7.6  M  urea.  These  are  the  samples  shown  in  Table  II.  The  inset  shows  the  titration  curve  for  2- 
mercaptoethanol  (100  nmoles)  in  6  A/  Gdn-HCI. 


TABLE  III.  Carboxymethylation  of  Monelun. 


Sweetener 

Theoretical 

activity 

Percent  of 

-SH" 

Observed  -SFP 

Percent  of 

Treatment 

(units/mg) 

native 

(nmoles) 

(nmoles) 

native 

Native 

174 

100 

76.0 

76.0 

100 

Carboxymethylated    in    buffer. 

142 

82 

65.6 

57.5 

87.5 

pH8.4 

Buffered  6  M  Gdn-HCI,  pH  8.4 

90^ 

52 

74.0 

44.5'^ 

60.2 

Carboxymethylated  in  buffered 

0^ 

0 

80.8 

0^ 

0 

6  M  Gdn-HQ,  pH  8.4 

°  Calculated  from  the  absorbance  at  277  nm  (2)  and  the  presence  of  1  cysteine  residue  per  10,700  g  of  protein. 

"  Determination  of  -SH  was  by  PHMB  titration.  Each  10  fil  aliquot  of  added  PHMB  (approximately  10 
nmoles)  was  allowed  to  react  for  at  least  30  min. 

^  Values  are  for  the  soluble  protein  remaining  after  the  small  amounts  of  precipitates  (5%)  were  removed  by 
centrifugalion  (see  Materials  and  Methods).  The  dissolved  (in  0.1  ^  acetic  acid)  precipitates  were  not  sweet;  slight 
sweetness  could  have  been  masked  by  the  sour  taste  of  the  acetic  acid.  PHMB  titration  of  tiiese  disolved 
precipitates  revealed  no  titratable  -SH. 


SULFHYDRYL   OF   MONELLIN 


639 


TABLE  IV.  Time-Dependent  Loss  of  Titratable  Sulfhydryl  of  Denatured  Monelun'. 


Nanomoles  of 

Nanomoles  of 

Moles  -SH/mole 

Conditions 

Incubation  time 

monellin 

-SH* 

of  monellin 

6  M  Gdn-HCl 

15  min 

42.2 

27.1 

0.64 

8  M  Urea 

15  min 

42.3 

33.3 

0.79 

6  M  Gdn-HCl 

2hr 

43.7 

26.2 

0.60 

8  M  Urea 

2hr 

42.9 

16.0 

0.37 

6  M  Gdn-HCl 

6hr 

39.3 

22.2 

0.56 

8  M  Urea 

6hr 

42.9 

5.6 

0.13 

6  M  Gdn-HCl 

24.5  hr 

43.5 

13.3 

0.31 

8  M  Urea 

24.5  hr 

39.2 

0 

0 

Samples  (nominally  5  mg/ml)  were  prepared  in  0.05  M  sodium  phosphate  buffer  (pH  7.0)  that  contained 
IT  d  M  Gd-HCl  or  %  M  urea,  and  kept,  without  stirring,  throughout  the  experiment  at  room  temperature 

). 

For  determining  —  SH  content,  aliquots  (0.1  ml)  were  withdrawn  at  the  times  indicated  and  titrated  with 
4B  in  phosphate  (pH  8.0)  which  also  contained  the  indicated  denaturant.  Not  more  than  30  min  was  required 
Tiaximal  color  development  and  in  most  cases  the  time  required  was  much  less  (approximately  2.5  min). 
les  for  samples  titrated  in  Gdn-HCl  are  undoubtedly  low  because  of  interference  of  the  Gdn-HCl  with  color 
:lopment  (see  Fig.  1  and  inset).  Calculations  are  based  on  the  maximal  absorbance  reached. 


I  results  in  Table  IV  support  this  inter- 
tation,  where  titratable  — SH  decreased 
1  time  in  the  presence  of  either  denatur- 
.  To  further  examine  the  possibility  of  a 
e  relationship  between  free  — SH  and 
sweetness  of  monellin,  the  protein  was 
osed  to  oxidation  by  air  under  conditions 
ely  paralleling  those  of  the  carboxy- 
hylation  experiments  in  Table  III.  Mo- 
in  stirred  in  6  Af  Gdn-HCl  to  expose  it 
ir  lost  5 1  %  of  its  sweetness  in  2  hr  (thus, 
iparing  closely  with  the  loss  of  48%  in 
experiment  in  Table  III);  in  the  presence 
3.14  Af  mercaptoethanol  the  loss  was 
/24%. 

>iscusson.  The  molecular  basis  for  the 
et  taste  of  the  chemostimulatory  protein 
lellin  is  only  beginning  to  be  under- 
)d.  The  evidence  available  previously  is 
sistent  with  the  sweet  taste  requiring  the 
ct  native  protein  (4),  and  recent  evi- 
ce  using  denaturants  (5)  strengthens  the 
I  that  the  tertiary  structure  is  important 
sweetness. 

.mino  acid  analyses  (2)  showed  that  a 
;le  cysteine  residue  is  present  in  the  ac- 
(sweet)  molecule  of  monellin  of  molec- 
weight  10,700.  In  contrast,  van  der  Wei 
Loeve  (3)  reported  that  maintenance  of 
iary  structure  was  aided  by  the  presence 
I  — SS —  bond.  This  was  based  on  the 
)rted  absence  of  free  — SH  and  the  loss 
weetness  upon  reduction  of  the  protein 
hiols.  The  results  of  the  present  study 
xadict  those  of  van  der  Wei  and  Loeve 


(3)  and  point  to  an  important  role  of  the 
— SH  group,  not  an  — SS — ,  in  allowing 
maintenance  of  the  sweet  taste  of  monellin. 

Determination  of  free  — SH  by  titration 
with  either  PHMB  or  DTNB  (EUman's  re- 
agent) gave  values  approaching  1  mole  of 
— SH  per  mole  (10,700  g)  of  monellin  (Ta- 
bles I,  II).  The  absence  of — SH  reported  by 
van  der  Wei  and  Loeve  (3),  who  used  Ell- 
man's  reagent,  is  readily  explained  by  our 
finding  that  the  — SH  in  the  native  protein  is 
relatively  inaccessible  to  titration.  The  ac- 
cessibility of  the  — SH  of  monellin  to  titra- 
tion increases  dramatically  in  the  presence 
of  protein  denaturants.  The  inaccessibility 
of  the  — SH  in  native  monellin  was  also 
evident  when  carboxymethylation  was  at- 
tempted, while  complete  reaction  was 
achieved  in  the  presence  of  6  Af  Gdn-HCl. 
Inaccessibility  of  — SH  to  various  chemical 
modifications  has  been  reported  for  certain 
other  proteins  (e.g.,  11-13). 

The  — SH  appears  to  be  essential  for  the 
sweet  taste  of  monellin,  a  conclusion  sup- 
ported by  several  lines  of  evidence.  Monel- 
lin is  completely  inactive  (not  sweet)  after 
titration  with  PHMB  or  DTNB,  or  when 
carboxymethylated.  Loss  of  sweetness  par- 
allels loss  of  titratable  — SH,  and  mercapto- 
ethanol helps  to  protect  against  loss  of 
sweetness.  Inactivation  by  PHMB  is  re- 
versed by  removing  the  mercurial  with  ex- 
cess mercaptoethanol  under  appropriate 
conditions,  an  observation  that  also  offers 
the  strongest  evidence  to  date  that  the  pro- 
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tein  itself  tastes  sweet.  Despite  the  critical 
role  of  the  — SH  for  the  sweet  taste  of  mo- 
nellin,  there  is  no  evidence  for  a  direct  role 
of  the  — SH  in  eliciting  sweetness  by  inter- 
acting with  a  binding  site  on  taste  receptor 
cells  (14),  and  this  tyj)e  of  interaction  seems 
unlikely  because  the  — SH  in  the  native  mo- 
nellin  is  buried.  We  postulate  that  the  — SH 
of  monellin  must  remain  unaltered  in  order 
for  the  protein  to  maintain  its  tertiary  struc- 
ture and  hence  its  sweet  taste. 

Summary,  The  presence  of  a  single  cys- 
teine in  the  sweet-tasting  protein  monellin 
was  confirmed  by  titrations  with  p-hydroxy- 
mercuribenzoate  (PHMB)  and  5,5'-di- 
thiobis(2-nitrobenzoic  acid)  (DTNB).  The 
sulfhydryl  group  in  native  monellin  reacts 
very  slowly  with  each  of  these  reagents,  in- 
dicating that  the  sulfhydryl  is  relatively  inac- 
cessible. In  the  presence  of  either  6  A/  gua- 
nidine-HCl,  8  M  urea,  or  1%  sodium  dode- 
cyl  sulfate,  the  rate  of  reaction  of  the  sulfhy- 
dryl group  with  titrant  is  dramatically  in- 
creased. Under  a  variety  of  conditions,  the 
presence  of  1  mole  of  sulfhydryl  j)er  mole  of 
protein  (of  molecular  weight  10,700)  was 
found. 

Reaction  of  the  sulfhydryl  by  titration 
with  PHMB  or  DTNB  leads  to  loss  of  sweet- 
ness. The  free  sulfhydryl  is  also  lost  by  car- 
boxymethylation  of  monellin  in  the  pres- 
ence of  guanidine-HCl,  yielding  a  protein 
that  is  not  sweet.  Exposure  to  air  in  the 
presence  of  denaturant  leads  to  a  decrease 
in  the  sweetness  of  monellin.  Sweetness  of 
the  FHMB-reacted  monellin  can  be  re- 
covered upon  treatment  of  the  protein  with 
mercaptoethanol,  and  the  partial  loss  of 
sweetness  that  occurs  with  air  exposure  is 


lessened  in  the  presence  of  mercaptoetha- 
nol. It  is  postulated  that  alteration  of  the 
single  sulfhydryl  group  of  monellin  leads  to 
a  change  in  the  tertiary  structure  of  the 
protein  and  hence  its  sweet  taste. 
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Uin  G  and  related  antibiotics  have 
)wn  by  a  number  of  investigators  to 
platelet  reactions  in  vitro  (1-5). 
itibiotics  have  also  been  reported  to 
cessive  bleeding  in  patients,  and  to 
the  bleeding  times  in  patients  and 
:rs  receiving  high  doses  of  these 
,  3-7). 

vious  studies  ((2),  and  Cazenave  et 
J.  Haematol.,  in  press)  we  showed 
icillin  G,  carbenicillin,  and  cephalo- 
ibit  the  adherence  of  platelets  to  a 
-coated  surface  and  to  the  damaged 
rface  of  rabbits.  We  also  found  that 
1  G  and  cephalothin  became  associ- 
h  the  platelets  and  that  their  inhibi- 
cts  in  vitro  persisted  after  the  plate- 
s  washed  and  resuspended  in  fresh 

ugh  the  antibiotics  have  been  shown 
platelet  function  in  vitro ,  it  has  not 
tablished  whether  these  antibiotics 
the  bleeding  time  in  vivo  by  affect- 
/essel  wall,  the  plasma  proteins,  or 
glets.  To  investigate  this  question, 
treated  platelets  with  penicillin  G 
lothin  in  vitro,  washed  the  platelets, 
ided  them  in  fresh  media,  re  infused 
to  thrombocytoj)enic  rabbits,  and 
d  their  ability  to  shorten  the  pro- 
bleeding  times  of  these  animals.  We 

0  studied  the  effect  of  pretreatment 
it  platelets  with  penicillin  G,  on 
survival  time  upon  infusion  into  rab- 

ials  and  methods.  Reagents.  Penicil- 
USP  sodium,  1650  units/mg)  was 

1  from  General  Biochemicals,  Cha- 
s,  Ohio).  Cephalothin  (Keflin)  was 
Dr.  R.  S.  Dolman,  Eli  Lilly  and  Co. 
i),  Toronto,  Ontario.  The  antibiot- 

dissolved  in  water  at  a  concentra- 
150  mAf .  Dilutions  to  the  required 
'ations  were  made  with  modified 


Tyrode  solution  (no  calcium  or  magne- 
sium); the  pH  was  adjusted  to  7.35  and  the 
osmolarity  to  290  mOsm.  Fresh  solutions 
were  prepared  immediately  before  each  ex- 
periment. 

Preparation  of  suspensions  of  washed 
platelets  labeled  with  ^^Cr.  Suspensions  of 
twice-washed  platelets  from  rabbits  were 
prepared  in  Tyrode  solution  containing 
0.35%  bovine  albumin  (8).  They  were  la- 
beled with  **Cr  in  the  first  washing  fluid  (2). 
For  the  bleeding  time  studies,  the  platelets 
were  incubated  for  30  min  at  22°  with  1 .5 
mAf  (880  units/ml)  penicillin  G  or  1.5  mAf 
(0.606  mg/ml)  cephalothin  before  being 
centrifuged  and  resuspended  in  fresh  me- 
dium at  a  platelet  count  of  2,000,000/mm3 
for  infusion.  For  the  platelet  survival  stud- 
ies, the  washed  platelets  were  incubated  for 
20  min  at  37°  with  15  mAf  (8800  units/ml) 
I)enicillin  G  and  then  resuspended  in  fresh 
medium  at  a  platelet  count  of  3,000,000/ 
mm^  before  injection  into  the  rabbits. 

Platelet  survival.  The  in  vivo  survival  of 
washed  rabbit  platelets  treated  with  i)enicil- 
lin  G  was  measured  by  a  modification  of  the 
method  of  Reimers  et  al.  (9)  using  platelet 
susj)ensions  labeled  with  '^"Cr.  Control  ex- 
j)eriments  were  done  with  platelets  that  had 
not  been  treated  with  the  antibiotic,  but  had 
been  subjected  to  the  same  washing  and 
resus]:)ending  procedures.  The  radioactivity 
of  samples  of  whole  blood  was  determined 
by  the  method  of  Aster  and  Jandl  (10). 

Preparation  of  antiserum  to  rabbit  plate- 
lets. The  antiserum  was  raised  in  sheep  and 
was  kindly  provided  by  Dr.  J.  Gauldie,  De- 
partment of  Pathology,  McMaster  Univer- 
sity, Hamilton,  Ontario,  Canada.  Approxi- 
mately 200  ml  of  rabbit  blood,  pooled  from 
six  animals,  was  collected  into  2%  EDTA- 
0.33%  saline  (9  parts  of  blood  to  1  part 
anticoagulant).  Platelet- rich  plasma  was 
centrifuged  at  2300g  for  15  min  and  the 
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platelet  j)ellet  was  resusj)ended  in  5  ml  of 
0.85%  saline  at  a  platelet  count  of 
5,000,000/mm3.  The  platelets  were  dis- 
rupted by  sonication  and  the  sonicate  was 
stored  at  -20**  in  0.1-mI  aliquots.  For  injec- 
tion, an  aliquot  was  thawed,  mixed  with  0.1 
ml  of  complete  Freund's  adjuvant,  and  in- 
jected subcutaneously  into  a  sheep;  this  was 
repeated  once  a  week  for  6  weeks.  At  7 
weeks,  the  sheep  was  bled  and  the  serum 
was  prepared,  heated  for  30  min  at  56**  to 
destroy  complement,  and  stored  at  -20**. 
The  presence  of  antiplatelet  antibody  was 
confirmed  by  the  formation  of  a  precipitin 
line  against  a  sonicated  rabbit  platelet  sus- 
pension on  an  Ouchterlony  plate. 

Production  of  thrombocytopenia.  Throm- 
bocytopenia in  rabbits  was  produced  by 
whole  body  irradiation  with  a  cesium  source 
(930  rad,  465  rad  on  each  side  for  14.5 
min).  During  irradiation,  both  sides  of  the 
necks  of  the  rabbits  were  shielded  with  a 
lead  ribbon  to  prevent  radiation  damage  to 
the  blood  vessels.  The  rabbits  were  given 
injections  of  1  ml  penicillin-streptomycin 
(Derapen-C ,  with  dihydrostreptomycin , 
Ayerst  Laboratories,  Montreal,  Canada)  24 
and  48  hr  after  irradiation.  Seven  days  later 
the  rabbits  received  an  intravenous  injection 
of  0.3  ml  of  sheep  antiserum  to  rabbit  plate- 
lets, 12  to  16  hr  before  the  bleeding  time 
studies  were  to  be  done. 

Platelet  counts  and  bleeding  time  determi- 
nations. One  hour  before  the  bleeding  time 
studies,  samples  of  blood  were  taken  from 
the  ear  veins  of  the  thrombocytoj)enic  rab- 
bits and  the  platelets  were  counted  by  the 
method  of  Brecher  and  Cronkite  (11). 
Platelets  that  had  been  pretreated  with  peni- 
cillin G  or  cephalothin  (or  control  platelets) 
were  then  injected  intravenously  into  the 
thrombocytopenic  rabbits.  Each  rabbit  re- 
ceived 10^"  platelets  in  a  volume  of  5  ml  (the 
weights  of  the  rabbits  were  similar  (mean  ± 
SEM,  2527  ±  47  g)).  Thirty  minutes  later 
the  rabbits  were  anesthetized  with  sodium 
pentobarbital,  the  jugular  veins  were  ex- 
posed and  each  was  arranged  above  a  small 
trough.  Blood  samples  were  taken  by  car- 
diac puncture  for  platelet  counts  and  for 
measurement  of  the  percentage  recovery  of 
*^Cr-labeled  platelets  injected.  Then  a  punc- 
ture wound  was  made  in  a  jugular  vein  with 


a  23  gauge  needle.  The  wound  site  was 
observed  until  bleeding  ceased  and  the  time 
was  recorded.  To  prevent  accumulation  of 
blood  at  the  wound  site,  a  flow  of  0.85% 
saline  was  directed  into  the  trough  below 
the  exposed  jugular  vein.  The  bleeding  time 
was  then  measured  again  in  the  same  way  by 
puncturing  the  other  jugular  vein. 

Statistical  considerations.  In  experiments 
with  thrombocytopenic  rabbits  the  relation 
between  the  platelet  count  and  the  bleeding 
time  has  been  found  to  resemble  an  expo- 
nential function  (Hirsh,  J.,  and  Senyi,  A.  F., 
unpublished  observation).  Therefore,  the 
bleeding  time  values  were  transformed  to 
logarithms  before  determining  the  mean  for 
each  experiment.  The  significance  between 
any  two  of  the  three  means  was  determined 
by  a  two-way  analysis  of  variance .  This  anal- 
ysis also  provides  the  best  common  estimate 
of  the  standard  deviation.  This  was  then 
used  to  develop  the  99%  confidence  inter- 
vals for  each  of  the  two  treatment  means 
and  the  control  mean.  The  calculated  means 
and  confidence  intervals  from  the  trans- 
formed data  were  then  transformed  back  to 
the  original  scale. 

Results.  Platelet  survival.  Pretreatment  of 
platelets  with  penicillin  G  had  no  apparent 
effect  on  their  survival  in  vivo  (Fig.  1). 

Bleeding  times.  The  range  of  bleeding 
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Fig.  1.  The  effect  of  peniciUin  G  on  survival  of 
control  washed  rabbit  platelets  and  platelets  that  bad 
been  incubated  in  vitro  with  penicillin  G  (1 5  mA#  for  20 
min  at  3T)  and  resuspended  in  fresh  medium  before 
infusion  into  the  rabbits.  Platelets  were  labeled  in  vitro 
with  **Cr  before  penicillin  G  Ueatment.  Means  and 
standard  errors  of  the  means  are  shown.  Four  rabbits  in 
each  group. 
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41  untreated  rabbits  (mean  platelet 

SEM,  414,000  ±  12,900/mm3)  was 
80  sec  [geometric  mean  and  (99% 
ice  intervals),  100  (73-136)sec]. 
g  time  from  puncture  wounds  in  the 
veins  of  thrombocytopenic  rabbits 
telet  counts  of  4000  to  16,000/mm3 
±  SEM,  8000  ±  130/mm3)  ranged 
4  to  1220  sec  [geometric  mean  and 
;onfidence  intervals),  1012  (934- 
5c];  these  values  were  determined  in 
ite  group  of  12  rabbits  that  did  not 

injections  of  platelets.  Platelets 
lad  not  been  treated  with  an  anti- 
lortened  the  bleeding  time  of  throm- 
enic  rabbits  to  within  the  range  of 
I  times  of  untreated  rabbits  with 
platelet  counts  (Table  I).  Although 
elets  that  had  been  pretreated  with 
n  G  or  cephalothin  did  shorten  the 
I  time  from  the  puncture  wounds  in 
lar  veins,  they  were  much  less  effec- 
1  the  control  platelets  which  had  not 
sated  with  an  antibiotic  (Table  I), 
ti  of  platelets  pretreated  with  peni- 

shortened  the  bleeding  time  more 
jection  of  cephalothin  pretreated 
».  The  observed  difference  between 

of  the  three  means  was  statistically 
ignificant  (p  <  0.001). 
lean  platelet  counts  of  the  21  throm- 
enic  rabbits  used  for  studies  with  the 
ic-treated  platelets  are  shown  in  Ta- 
rhe  mean  platelet  counts  and  the 
ige  recovery  of  **Cr-Iabeled  plate- 
>re  the  bleeding  time  determinations 

shown.  In  no  instance  was  there  a 


statistically  significant  difference  (p  <  0.5) 
between  the  three  groups  of  animals;  thus, 
the  effect  of  the  antibiotics  on  the  bleeding 
time  cannot  be  attributed  to  differences  in 
platelet  counts  or  platelet  recovery. 

Discussion,  Pre  treatment  of  rabbit  plate- 
lets with  a  high  concentration  of  penicillin  G 
in  vitro  did  not  affect  their  recovery  or  sur- 
vival in  vivo  following  reinjection. 

The  concentration  of  the  antibiotics  to 
which  the  platelets  were  initially  exposed 
was  much  greater  than  the  concentrations 
usually  achieved  in  man  (0.03  to  12  units  of 
penicillin/ml).  However,  maximal  serum 
concentrations  of  1000  to  2000  units/ml 
have  been  reported  in  man  following  intra- 
venous administration  of  20  to  100  million 
units  of  i)enicillin  G  (12). 

The  diminished  ability  of  platelets  prein- 
cubated  with  penicillin  G  or  cephalothin  to 
shorten  the  bleeding  time  of  thrombocyto- 
penic rabbits  is  in  keeping  with  our  observa- 
tions from  earlier  studies  of  the  effects  of 
these  antibiotics  on  platelet  function  (Ca- 
zenave  et  al.,  Brit.  J.  Haematol.,  in  press). 
We  found  that  platelets  incubated  with  peni- 
cillin G  or  cephalothin,  washed  and  resus- 
pended  in  fresh  medium  responded  less 
strongly  to  aggregating  and  release-inducing 
agents  (ADP,  collagen,  or  thrombin)  than 
control  platelets.  It  seems  likely  that  the 
antibiotics  became  bound  to  the  platelets. 
Thus,  it  is  not  surprising  that  platelet  func- 
tion in  vivo  is  inhibited  by  preincubation  of 
the  platelets  with  the  antibitoics  in  vitro. 
The  impairment  of  the  ability  of  platelets  to 
adhere  to  subendothelial  structures  and  to 


-E  I.  Bleeding  Times"  of  Thrombocytopenic  Rabbits  given  Platelets  Preincubated  in  Vitro 
WITH  Penicillin  G,  Cephalothin,  or  Neither  Antibiotic. 


Number  of 
determina- 
tions 

Mean  platelet  count^  (number/ 
mm') 

Percent  of 

recovery  of 

*»Cr-labcled 

platelet^ 

tic  used  for 
itment  of 
itelets 

Before  infu- 
sion 

Before  bleeding 
time  determina- 
tions 

Bleeding  time^ 
(sec)  mean  (con- 
fidence interval) 

titrol) 

G  1.5  mM 

lin  1 .5  mM 

14 

14 

•   14 

4600  ±  600 
4000  ±  500 
4600  ±  300 

62,700  ±  4700 
56,600  ±  6900 
55,100  ±  6200 

68  ±  9 

69  ±  8 
65  ±  4 

119  (98-144) 
375  (309-455) 
616  (507-748) 

ling  times  of  rabbits  that  had  been  made  thrombocytopenic  in  this  way  and  were  not  given  platelet 

ranged  from  764  to  1220  sec  (see  text). 

I  ±  SEM. 

letric  mean  and  99%  confidence  intervals.  Difference  between  any  two  of  the  three  treatment  means  (p 

two-way  analysis  of  variance). 
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react  to  aggregating  agents  would  account 
for  the  observation  that  the  antibiotic- 
treated  platelets  were  much  less  effective 
than  control  platelets  in  shortening  the 
bleeding  times  of  thrombocytopenic  rabbits. 

Thus,  the  effects  of  i)enicillin  G  and  re- 
lated antibiotics  on  the  bleeding  times  of 
patients  (1 ,  5-7)  and  volunteers  (3, 4)  given 
high  doses  of  these  drugs  is,  at  least  in  part, 
attributable  to  the  inhibitory  effects  of  the 
antibiotics  on  the  platelets.  Our  results, 
however,  do  not  exclude  the  possibilities 
that  the  antibiotics  also  affect  the  vessel  wall 
and/or  the  plasma  proteins. 

Our  results  support  the  suggestion  of 
Brown  et  al.  (4)  that  "patients  with  underly- 
ing hemostatic  defects,  esi)ecially  patients 
with  thrombocytopenia,  may  be  at  an  in- 
creased risk  of  hemorrhage"  when  penicillin 
G  and  related  antibiotics  are  administered 
in  high  dosages. 

We  wish  to  acknowledge  the  assistance  of  Professor 
M.  Gent,  Department  of  Clinical  Epidemiology  and 
Biostatistics,  McMaster  University,  in  the  statistical 
evaluation  of  the  data. 
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Several  studies  reported  oncornavirus- 
like  particles  in  media  taken  from  cultured 
cells  derived  from  patients  with  malignant 
hemopoietic  and  lymphoid  disorders  (1-4). 
In  contrast,  particles  with  properties  unlike 
oncornaviruses  were  detected  in  culture  me- 
dium of  cells  derived  from  patients  with 
Hodgkin's  Disease  (S,  6),  adenocarcinoma 
(7),  and  the  plasma  of  patients  with  chronic 
lymphocytic  leukemia  (8). 

Barker  et  aL  reported  that  continuous  cell 
lines  (Z-597,  JIII)  derived  from  human  leu- 
kemias  contained  cytoplasmic  particles  with 
a  density  of  1.18  g/cm^  in  sucrose  and  a 
DNA  polymerase,  inhibitable  by  RNase 
(9).  These  contained  RNA,  DNA,  and  a 
covalently  linked  RNA-DNA  complex 
(10). 

The  present  report  describes  the  detec- 
tion and  characterization  of  extracellular 
particles  released  into  the  medium  of  cul- 
tured JIII  cells,  which  are  distinctly  unlike 
oncomavirions. 

Materials  and  methods.  Cell  lines.  The 
JIII  cell  line  was  derived  from  peripheral 
blood  of  a  patient  with  monocytic  leukemia 
and  obtained  from  American  Type  Culture 
Collection  Cell  Repository,  Rockville,  Md. 
The  Z-597  cell  line  was  established  by  Dr. 
William  Murphy,  University  of  Michigan, 
Ann  Arbor  from  peripheral  blood  of  a  pa- 
tient with  granulocytic  leukemia.  Cells  were 
grown  on  a  glass  substrate  at  37**  with  a 
mixture  of  1  x  Eagle's  minimal  essential  me- 
dium (1 1)  and  Hank's  balanced  salt  solution 
(12)  which  contained  15%  fetal  calf  serum 
(Flow  Laboratories,  Rockville,  Md.)  and 
antibiotics.  Cells  were  passaged  at  5-7  day 
intervals.  Cell  lines  were  free  of  Myco- 
plasma as  shown  by  failure  to  culture  aero- 
bically    and    anaerobically    the    organisms 

•  Supported  in  part  by  N.C.I.  Contract  NIH-NCI- 
C-72-7314,  The  Mich.  Cancer  Inst.  &  PHS  training 
grant  5  TOl  AI  600060-15. 


from  partially  disrupted  cells  and  culture 
medium,  and  by  electron  microscopic  exam- 
ination of  cell  cultures. 

Processing  of  particles  from  tissue  ctdture 
fluid.  Tissue  culture  fluid  was  removed  from 
cell  monolayers  and  centrifuged  twice  at 
lOOOg  for  30  min  at  4**.  The  supernatant  was 
centrifuged  at  55,000g  in  a  Beckman  Type- 
30  rotor  for  1  hr  at  4**.  Pellets  were  resus- 
pended  in  0.5  ml  of  0.1  M  Tris-HCl  (pH 
8.3)-0.1  Af  EGTA  and  centrifuged  to  equi- 
librium in  a  12-60%  sucrose  gradient  for  18 
hr  at  90,00Qg.  An  aliquot  from  each  frac- 
tion collected  from  the  tube  was  assayed  for 
either  DNA  polymerase  activity  or  acid-in- 
soluble radioactivity. 

Biochemical  procedures.  Cells  grown  to  a 
confluent  monolayer  were  labeled  with  ra- 
dioactive isotopes  by  changing  the  medium 
to  1 X  Eagle's  with  2%  fetal  serum  and  add- 
ing either  0.2  /iCi/ml  of  [methyl'^Y{]i\iyvMr 
dine  (sp  act  25  Ci/mmole)  or  [5-^H]uridine 
(sp  act  21  Ci/mmole)  (Nuclear  Dynamics). 
After  24  hr  the  medium  was  harvested  and 
processed  for  particles. 

DNA  polymerase  assays  were  done  as  de- 
scribed previously  (9).  Acid-insoluble  radio- 
activity measurements  were  performed  as 
described  by  Barker  et  al.  (10). 

Electron  microscopy.  Preparations  were 
placed  on  Formvar  carbon-coated  copper 
grids,  stained  with  2%  phosphotungstic 
acid,  and  examined  with  an  AEI  Corinth 
275  electron  microscope. 

Immunological  procedures.  Particles 
processed  from  the  culture  medium  were 
mixed  with  an  equal  volume  of  complete 
Freund's  adjuvant  and  injected  into  the 
footpads  of  rabbits.  Booster  injections  with 
a  equal  volume  of  Freund*s  adjuvant  were 
given  subcutaneously. 

Globulins  from  the  preimmune  and  im- 
mune rabbit  serum  were  conjugated  with 
fluorescein  isothiocyanate  (Baltimore  Bio- 
logical Laboratory,  Cockeysville,  Md.)  by 
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the  method  of  Riggs  et  al,  (13).  All  conju- 
gates were  absorbed  with  a  solid  matrix  of 
cross  linked  bovine  serum  albumin  in  order 
to  remove  antibodies  possibly  elicited 
against  the  albumin  fraction  of  fetal  calf 
serum. 

Cells  to  be  examined  for  extracellular  an- 
tigens were  grown  in  Leighton  tubes  with 
coverslips,  fixed  in  acetone  for  10  min,  and 
then  tested  with  either  the  direct  or  indirect 
fluorescent  antibody  method.  Unfixed  cells 
were  also  tested  for  surface  antigens  using 
the  direct  fluorescent  antibody  method 
(equal  volumes  of  cells  and  conjugate  were 
incubated). 

Result.  Release  of  particles  from  JIII  cells 
with  RNA,  DNA,  and  DNA  polymerase.  A 
pellet,  sedimented  by  differential  centrifu- 
gation  from  medium  of  JIII  cell  cultures, 
was  resuspended  and  centrifuged  to  equilib- 
rium in  a  sucrose  gradient.  Fractions  of  the 
gradient  were  assayed  for  DNA  polymerase 
activity  with  endogenous  nucleic  acid  tem- 
plates and  primers.  A  peak  of  enzyme  activ- 
ity was  detected  in  the  1.18-1.22  g/cm^  re- 
gion of  the  gradient  (Fig.  1).  Prior  to  collec- 
tion of  the  fractions,  an  optically  visible 
band  was  observed  in  the  gradient  corre- 
sponding in  position  to  the  polymerase  ac- 
tivity. 

In  another  series  of  experiments,  JIII  cell 
cultures  were  labeled  with  either  pH]thy- 
midine  or  pH]uridine.  The  culture  fluids 
were  processed  and  centrifuged  as  described 
above,  whereupon  peaks  of  PH]thymidine 
or  PH]uridine  radioactivity  were  found  in 
the  1.18-1.22  density  region  of  the  gradi- 
ent. Thus,  the  RNA,  DNA,  and  polymerase 
were  coincident  with  the  optically  visible 
band  of  the  gradient  (Fig.  1). 

Medium  from  Z-597  cell  cultures  also 
yielded  particles  similar  to  JIII  cultures  in 
density,  DNA  polymerase  and  pH]uridine 
incorporation.  Since  such  particles  could  not 
be  recovered  from  medium  of  normal  skin 
fibroblast  cultures  or  culture  medium  incu- 
bated without  cells,  it  is  concluded  that  the 
particles  in  the  media  of  JIII  and  Z-597 
cultures  were  released  from  the  cells  in 
those  cultures. 

Properties  of  the  DNA  polymerase  activ- 
ity. The  DNA  polymerase  associated  with 
JIII  particles  was  assayed  with  varying  con- 
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Fig.  1.  Buoyant  density  of  JIII  particles  deter- 
mined by  isopycnic  gradient  centrifugation.  Cell  cul- 
tures were  either  (a)  unlabeled,  (b)  labeled  with  0.2 
/iCi  of  pHJuridine  or  (c)  labeled  with  0.2  /iCi/ml  of 
PH]thymidine  for  24  hr.  Pellets  from  the  medium  of 
JIII  cultures  were  resuspended  in  0.5  ml  of  0.1  Af  Tris- 
HQ  (pH  8.3)-0.01  A/  EGTA  and  centrifuged  to  equi- 
librium in  a  12-60%  sucrose  gradient  at  9O,00Qg  for  18 
hr  at  4°.  Fractions  (0.45  ml)  were  collected  from  the 
bottom  of  the  gradients  (a)  25- pd  aliquots  of  each  frooi 
the  unlabeled  gradient  were  assayed  for  DNA  polymer- 
ase activity  and  expressed  as  li-TMP  incorporatiofl; 
(b)  and  (c)  25- /bd  aliquots  were  assayed  for  add  insohh 
ble  radioactivity. 

centrations  (0.005-0.200%)  of  Nonidet,a 
nonionic  detergent.  The  maximally  effective 
concentration  0.1%  increased  the  enzyme 
activity  over  sixfold  (Table  I).  This  stimula- 
tory effect  suggests  that  access  of  the  en- 
zyme to  components  of  the  assay  mixture  is 
limited  by  lipid. 

Four  preparations  of  JIII  particles  were 
assayed  for  DNA  polymerase  after  pretreat- 
ment  with  RNase,  with  and  without  an  opti- 
mal concentration  of  Nonidet.  RNase  pro- 
duced minimal  inhibition  of  DNA  polymer- 
ase in  absence  of  Nonidet.  In  its  presence 
inhibition  was  increased,  but  only  partially 
in  the  range  of  8-46%  (Table  II).  The  re^ 
suits  indicate  some  function  of  the  RNA  in 
the  particle  on  its  DNA  synthetic  activity. 
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J  III  particles,  which  synthesize  DNA  with 
endogenous  templates  and  primers,  were 
tested  for  capacity  to  use  exogenous  RNA 
and  DNA.  With  exogenous  heated  calf- thy- 
mus DNA,  the  DNA  synthesis  of  the  parti- 
cles was  fourfold  greater  than  the  endoge- 
nous activity  when  synthesis  was  measured 
by  ^H-TMP  incorporation  and  23-fold 
greater  when  measured  by  ^H-GMP  incor- 
poration. When  poly(rC)  oligo(dG)  (the 
preferred  synthetic  RNA  template  for  the 
polymerase  of  oncornavirions)  was  used, 
synthesis  of  DNA  was  not  significantly  en- 
hanced over  endogenous  activity  (Table 
III).  The  DNA  polymerase  of  JIII  particles, 
unlike  polymerase  of  oncornavirions,  does 
not  use  poly(rC)  oligo(dG)  under  conditions 
where  it  does  use  exogenous  DNA. 

Figure  2  shows  an  electron  micrograph  of 

TABLE  I.  Optimal  Stimulation  by  Nonidet  of 
DNA  Polymerase  Acnvmr." 


Percent  of  Noni- 
det P-40  added* 


)lyme 


ity  'H-TMP  incor- 
poration (cpm) 


None 

268 

0.005 

325 

0.010 

455 

0.025 

489 

0.050 

831 

0.075 

1176 

0.100 

1679 

0.150 

1092 

0.200 

891 

■  Twenty-five-microliter  aliquots  from  the  fraction 
in  the  1 .18-1 .22  density  region  of  the  gradient  with  the 
highest  enzyme  activity  were  assayed  for  DNA  polym- 
erase using  varying  concentrations  of  Nonidet. 

*  Twenty-five  microliters  of  Nonidet  was  preincu- 
bated  with  the  enzyme  preparation  at  4°  for  30  min 
prior  to  enzyme  assay. 


material  taken  from  the  1.18-1.22  density 
region  of  a  sucrose  gradient  in  which  a  JIII 
tissue  culture  pellet  had  been  brought  to 
equilibrium.  The  material  had  been  re- 
moved, treated  with  phosphotungstate  and 
examined  by  electron  microscopy.  Only  rel- 
atively uniform  particles  were  observed,  ap- 
proximately 25  nm  in  diameter,  electron 
luscent  with  a  tendency  to  aggregate.  Sub- 
structure could  not  be  resolved. 

Presence  ofantigen(s)  of  extracellular  JIII 
particles  in  cells  derived  from  various  spe- 
cies. Immune  serum  prepared  against  the 
particles  and  conjugated  with  fluorescein 
isothiocyanate-stained  acetone-fixed  JIII 
cells  when  tested  with  the  direct  fluorescent 
antibody  method.  The  staining  was  gener- 
ally distributed  throughout  the  cytoplasm  of 
the  cell  and  was  of  a  particulate  nature  (Fig. 
3).  The  intensity  of  staining  (1+-4+)  and 
percentage  of  cells  stained  in  each  prepara- 
tion varied  from  passage  to  passage,  gener- 
ally with  a  range  of  10-100%  of  cells  stain- 
ing in  any  given  preparation.  Unfixed  JIII 
cells  were  also  stained  by  the  conjugated 
JIII  antiserum,  indicating  the  presence  of 
the  antigen(s)  on  the  surface  of  cells.  The 
antiserum  gave  positive  staining  out  to  a 
1:32  dilution. 

The  following  experimental  results  deter- 
mined that  the  staining  reaction  on  JIII  cells 
was  specific:  (a)  conjugated  preimmune  se- 
rum did  not  stain  the  cells;  (b)  unconjugated 
immune  serum  gave  a  positive  staining  reac- 
tion with  the  indirect  fluorescent  antibody 
test  using  conjugated  goat  anti-rabbit 
gamma  globulin,  thus,  indicating  that  globu- 
lins  (antibodies)  are   responsible   for  the 


TABLE  II.  Effect  of  RNase  on  DNA  Polymerase  Activity  of  Particles  from  JIII  Cell  Cultures." 

DNA  polymerase  activity  'H-TMP  incorporation  (cpm) 


No  Nonidet* 


0.1%  Nonidet 


Preparations 


No  RNase 


RNase* 


%  Inhibition 


No  RNase 


RNase 


Inhibition 
(%) 


1 

215 

188 

12 

746 

535 

28 

2 

815 

1183 

— 

1120 

826 

26 

3 

448 

374 

16 

1628 

874 

46 

4 

268 

284 

- 

1679 

1541 

8 

•  Twenty-five-microliter  aliquots  from  the  fraction  in  the  1.18-1.22  g/cm^  density  region  of  the  gradient  with 
the  highest  enzyme  activity  were  assayed  for  DNA  polymerase  activity  with  and  without  RNase  treatment  in  the 
presence  and  absence  of  Nonidet  treatment. 

*  Two-hundred  micrograms  of  RNase  and  0.1  %  Nonidet  were  preincubated  with  the  enzyme  preparation  for  30 
min  at  4"*  prior  to  enzyme  assay. 
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Fig.  2.  Electron  micrograph  of  particles  from  the 
1.18-1.22  g/cm'  density  region  of  the  gradient  after 
staining  with  phosphotungstic  acid. 


Staining;  (c)  staining  of  the  conjugated  im- 
mune serum  could  be  blocked  completely  by 
preincubation  of  JIII  cells  with  unconju- 
gated immune  serum,  but  not  with  unconju- 
gated preimmune  serum  or  PBS;  and  (d) 
absorption  of  the  conjugated  immune  serum 
with  cell  powder  prepared  from  JIII  cells 
removed  the  staining  capacity  of  the  conju- 
gate, but  absorption  with  cell  powders  pre- 


pared from  nonmalignant  human  tonsilar 
lymphocytes  had  little  or  no  effect.  These 
results  indicate  that  the  staining  observed  is 
due  to  an  antigen-antibody  reaction  in  the 
immune  serum  opposed  to  nonspecific  at- 
tachment of  fluorescein  dye,  and  that  the 
detectable  antigen  is  present  on  JIII  cells 
but  not  on  nonmalignant  human  lympho- 
cytes. 

Experiments  were  performed  to  deter- 
mine if  this  antigen (s)  on  JIII  cells  was  also 
present  on  other  types  of  cells.  Table  IV 
gives  a  list  of  the  types  of  cells  tested  with 
antiserum  against  JIII  particles  using  the 
fluorescent  antibody  test.  Only  the  Z-597 
cell  line,  a  continuous  cell  line  derived  from 
a  patient  with  granulocytic  leukemia,  gave  a 
positive  staining  reaction  which  was  compa- 
rable to  that  observed  on  JIII  cells.  In  an- 
other experiment,  JIII  antiserum  stained 
both  JIII  and  Z-597  ceils  at  a  1 :32  dilution 
using  the  direct  fluorescent  antibody  test  but 
specific  staining  characteristic  of  JIII  cells 
was  not  observed  with  human  fibroblasts 
and  tonsilar  lymphocytes. 

Discussion,  Very  similar  extracellular 
particles  were  detected  in  the  culture  media 
from  two  continuous  cell  lines  (JIII  and  Z- 
597)  derived  from  cases  of  human  leuke- 
mia. JIII  particles  were  related  antigenically 
to  the  cells  in  both  cultures,  but  not  to 
eleven  other  continuous,  primary,  or  uncul- 
tured cells  derived  from  a  wide  range  of 
species  including  chicken,  mouse  embryo, 
and  human  (Table  IV).  Further,  human  ton- 
silar lymphocytes  failed  to  adsorb  antibodies 
made  against  JIII  particles. 

While  this  suggests  the  particles  may  be 
related  to  the  malignant  aspect  of  the  JIII 
cell,  they  do  not  relate  to  known  oncornavi- 
ruses which  also  are  released  in  culture  from 
transformed  cells.  They  resemble  the  oncor- 
naviruses only  in  that  they  synthesize  DNA 
using  endogenous  templates,  primers,  and 
polymerase,  are  stimulated  by  Nonidet,  and 
are  partially  inhibited  by  RNase.  They  differ 
in  density  (1.18-1.22  vs  1.15-1.18),  in  size 
(25  nm  vs  100  nm),  in  failing  to  use  the 
exogenous  template  poly(rC)  oligo(dG), 
and  in  containing  some  DNA  as  well  as 
RNA. 

The  JIII  particles  more  closely  resemble 
certain  particles  of  unknown  significance 
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Acetone  fixed  JIII  cells  stained  by  a  1:8  dilution  of  antiserum  prepared  against  Jill  particles.  x400. 


I  III. 


Use  of  Exogenous  Templates  by  the  DNA  Polymerase  of  JIII  Particles  from  Sucrose 

Gradients". 


*H-TMP  incorporation  (cpm)*" 
Fraction  number 

"H-dGMP  incorporation  (cpm) 
Fraction  number 

plate* 

10 

11 

12 

10 

11                   12 

thymus 
3ligo(dG) 

147 
489 

177 
750 

164 
286 

59 

804 

75 

85                112 

2005                559 

146                  81 

ty-five  microliter  aliquots  from  three  factions  (10, 11,  12),  which  had  the  highest  enzyme  activity  in  the 

',  density  region  of  the  gradient,  were  each  assayed  for  DNA  polymerase  activity  either  with  or  without 

i  templates. 

concentration  of  templates  in  the  enzyme  reaction  mixture  was  20  fig/ml. 

izyme  reactions  were  performed  after  preincubation  with  0.1%  Nonidet. 


E  IV.  Staining  Reactions  of  Different  Cells  When  Tested  wffh  the  JIII  Antiserum  Using 
THE  Fluorescent  Antibody  Technique. 


Dilutions  of 

Fluorescent 

Staining  re- 

Cell type 

Type  of  culture 

antisera 

antibody  test 

action 

ukemia  (JIII) 

Continuous 

:32 

DF 

+ 

64 

IF 

+ 

.8 

DU 

+ 

lukemia  (Z-597) 

Continuous 

8 

DF 

+ 

mkey  kidney  (Vero) 

Continuous 

4 

DF 

- 

8 

DF 

— 

onkey  kidney  (LLCMK,) 

Continuous 

2 

DF 

- 

^rvical  carcinoma  (HeLa) 

Continuous 

4 

DF 

— 

8 

DF 

- 

ney 

Primary 

2 

DF 

- 

lacrophages 

Primary 

2 

DF 

- 

ister  kidney  (BHK21) 

Continuous 

2 

DF 

- 

msilar  lymphocytes 

Not  cultured 

8 

DU 

± 

8 

DU 

- 

mg  (WI  38) 

Diploid 

4 

DF 

- 

8 

DF 

— 

dney  (RK13) 

Continuous 

2 

DF 

- 

broblasts 

Diploid 

4 

DF 

± 

8 

DF 

— 

5  mouse  embryo 

Primary 

8 

DF 

- 

4 

IF 

— 

>F,  direct  fluorescent  antibody  method  on  fixed  cells;  IF,  indirect  fluorescent  antibody  method  on  fixed 
,  direct  fluorescent  antibody  method  on  unfixed  cells. 


650 


PARTICLES    FROM    LEUKEMIC   CULTURES 


previously  detected  in  medium  from  a  vari- 
ety of  cultured  malignant  cells  and  in  certain 
human  plasma.  Particles  with  a  density  of 
1.15-1.21  containing  RNA  and  DNA  (like 
JIII  particles)  were  detected  by  Long  et  aL 
(6)  in  the  medium  of  cultured  spleen  cells 
obtained  from  a  patient  with  Hodgkin's  Dis- 
ease. Narayan  and  Rounds  (7)  detected  10- 
12  nm  ring  shaped  particles  in  medium  from 
cultured  human  adenocarcinoma  cells. 
These  also  contained  both  RNA  and  DNA 
but  had  a  density  (1.6-1.19)  similar  to  on- 
cornaviruses. The  plasma  of  two  patients 
with  chronic  lymphocytic  leukemia  yielded 
to  Kiessling  et  al.  (8)  particles  with  proper- 
ties common  to  JIII  particles.  Both  particles 
had  similar  densities  and  contained  a  DNA 
polymerase,  which  was  stimulated  by  Noni- 
det  and  by  exogenous  DNA  but  not  by  syn- 
thetic RNA  templates,  poly(rC)  oligo(dG) 
(JIII  particles),  and  poly(rl-rC)  (Kiessling's 
particles). 

The  release  of  complex  particulates  from 
cells  in  culture  might  be  viewed  as  an  aber- 
ration of  some  normal  (albeit  unknown) 
function  of  the  cell  or  an  additional  example 
of  a  cytopathology  induced  by  an  unknown 
virus. 

The  development  of  a  fluorescent  anti- 
body against  one  or  more  antigens  of  the 
particulate  allows  use  of  the  antigen  as  a 
marker  to  learn  if  the  particle  can  be  repli- 
cated in  those  cells  in  which  the  antigen  is 
presently  absent.  Information  concerning 
the  distribution  of  the  antigen(s)  in  various 
pathologic  human  states  might  also  be 
meaningful  in  establishing  the  significance 
of  the  particle.  How  fluorescent  antibody 
might  also  facilitate  collection  of  such  rele- 
vant data  will  be  illustrated  in  a  separate 
communication. 

Summary.  Extracellular  particles,  with  a 
density  of  1 .18-1 .22  g/cm^  in  sucrose,  were 
detected  in  the  culture  medium  of  a  continu- 
ous cell  line  (JIII)  derived  from  a  patient 
with  monocytic  leukemia.  These  particles 
contained  RNA,  DNA,  and  a  DNA  polym- 
erase. They  synthesized  DNA  with  endoge- 


nous templates  and  primers  and  also  used 
exogenous  DNA  but  not  poly(rC)  oligo(dG) 
as  a  template.  Pretreatment  with  Nonidet  P- 
40  stimulated  DNA  polymerase  activit>- 
while  treatment  with  ribonuclease  partially 
inhibited  the  enzyme  activity.  Fluorescent 
antibodies  made  to  the  particles  stained 
both  JIII  and  Z-597  cells  derived  from  hu- 
man leukemias  but  not  other  types  of  hu- 
man or  nonhuman  cultured  cells  tested.  The 
particles  do  not  appear  to  be  oncornaviruses 
but  may  be  a  particulate  antigen  associated 
with  malignant  cells  of  hemopoietic  and 
lymphoid  origin. 
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shave  been  cology,  NIH,  Bethesda,  Md.  D-17  ceils,  a 
isma  (1-5).  canine  cell  line,  uninfected  and  infected 
)se  particles  with  simian  sarcoma  virus  (SSV)  were  ob- 
cells  from  tained  from  Dr.  John  Riggs.  JIII  cells,  de- 
)  and  occa-  rived  from  a  case  of  monocytic  leukemia, 
2,  3)  and  were  purchased  from  the  American  Type 
s  with  lym-  Culture  Collection  Cell  Repository,  Rock- 
coma  virus  ville,  Md.  All  cells  were  grown  in  Eagle's 
have  been  minimal  essential  medium  and  Hank's  bal- 
with  acute  anced  salt  solution  with  10%  fetal  calf  se- 
active  anti-  rum  and  antibiotics.  Cells  were  passaged 
a  virus  and  when  they  reached  confluency. 
ch  patients  Antisera.  Antiserum  against  disrupted 
)n  between  RLV  was  obtained  from  Dr.  Paul  Levine, 
ntisera  pre-  NIH,  Bethesda,  Md.  and  antiserum  against 
se  prepared  disrupted  SSV  from  Dr.  T.  G.  Kawakami, 

University  of  California,  Davis,  Calif.  Prep- 

)7,  derived  aration  of  antiserum  against  JIII  particles 

articles  into  and  conjugation  with  fluorescein  isothiocya- 

>articles  are  nate  was  described  previously  (8). 

emical  and  Bone  marrow  preparations.  Two  separate 

ascent  anti-  series  of  bone  marrow  films  from  patients 

rticles  stain  with  a  variety  of  disorders  were  examined, 

a  variety  of  The  first  series  was  obtained  from  the  Col- 

»ted  (8).  In  lection  of  the  Simpson  Memorial  Institute, 

omena,  the  University  of  Michigan  and  had  been  stored 

tide  to  on-  at  -20**  from  1-8  months.  These  fUms  were 

;  well  as  the  fixed  in  acetone  and  tested  with  a  1 :8  dilu- 

le  marrows  tion  of  JIII  antiserum  using  the  direct  flu- 

I,  primarily  orescent  antibody  method.  A  second  series 

)homa.  was  tested  to  confirm  the  results  of  the  first. 

nes,  JLSV-  These  preparations  were  acetone-fixed  the 

w  cell  line,  same  day  that  the  specimen  was  taken  from 

smia    virus  the  patient  and  tested  with  a  1 :8  dilution  of 

^  Dr.  John  JIII  antiserum  within  a  week  of  that  time, 

of  Health,  Only  mononuclear  leucocytes  showing  flu- 

ed  JLSV-9  orescent  intensity  greater  than  2+  (scale  1  + 

t  Office  of  to  4+)  in  the  cytoplasm  and  not  in  an  area 

s  Viral  On-  of  dye  trapping  (at  the  edge  of  the  slide) 

were  considered  positive.  Coverslips  con- 

NlH-NCl-C-  taining  no  positive  cells  must  have  displayed 

jte  and  PHS  100  negative  leucocytes  to  be  evaluated  as 

negative.  All  tests  were  performed  at  least 
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twice  on  each  sample  and  were  read  inde- 
pendently by  two  persons  without  knowl- 
edge of  the  patients  diagnosis. 

Results.  Antigenic  relationship  of  JIII  par- 
ticles to  oncornaviruses.  D-17  cells  either 
uninfected  or  infected  with  SSV,  and  JLSV- 
9  cells  uninfected  or  infected  with  RLV 
were  grown  on  coverslips  in  Leighton  tubes 
until  they  reached  confluency.  The  cells 
were  then  fixed  in  acetone  prior  to  testing. 
With  the  indirect  fluorescent  antibody 
method,  a  1:10  dilution  of  bovine  antiserum 
made  against  SSV  and  a  1:20  dilution  of 
conjugated  antibovine  serum  stained  D-17 
cells  infected  with  SSV  but  not  the  unin- 
fected cells.  Unconjugated  normal  bovine 
serum  did  not  stain  these  cells.  A  1:10  dilu- 
tion of  monkey  antiserum  made  against 
RLV  and  a  1 :  10  dilution  of  conjugated  anti- 
monkey  serum  stained  JLSV-9  cells  infected 
with  RLV  but  not  the  uninfected  cells.  Nor- 
mal monkey  serum  did  not  stain  these  cells. 
These  results  ensure  the  presence  of  viral 
antigens  in  the  virus  infected  cells  and  not  in 
the  uninfected  cells. 

Undiluted  JIII  antiserum  did  not  stain 
either  the  D-17  cells  infected  with  SSV  or 
JLSV-9  cells  infected  with  RLV  using  the 
direct  fluorescent  antibody  method.  Neither 
a  1:4  or  1:8  dilution  of  unconjugated  JIII 
antiserum  with  a  1 :20  dilution  of  conjugated 
antirabbit  serum  stained  either  of  these  vi- 
rus infected  cells  using  the  indirect  fluores- 
cent antibody  method. 

In  another  series  of  experiments,  acetone- 
fixed  JIII  cells  were  tested  with  both  JIII 
antiserum  and  antisera  made  against  either 
RLV  or  SSV.  A  1:8  dilution  of  conjugated 
JIII  antiserum  stained  JIII  cells  with  the 
direct  method,  but  a  1:5  dilution  of  either 
SSV  or  RLV  antisera  did  not  stain  these 
cells  with  the  indirect  method. 

Presence  of  antigen  of  JIII  particles  on 
human  bone  marrow  cells.  The  list  of  dis- 
eases of  patients  whose  preparations  were 
tested  in  the  first  series  of  tests  is  given  in 
Table  I.  All  preparations  were  tested  with  a 
1 :8  dilution  of  JIII  antiserum  using  the  di- 
rect fluorescent  antibody  method.  Certain 
preparations  from  patients  with  Hodgkin's 
disease,  chronic  lymphocytic  leukemia, 
chronic  granulocytic  leukemia,  anemia,  and 
abnormal  white  blood  cells  were  stained  by 


the  JIII  antiserum.  Table  II  gives  the  per- 
centage of  positive  bone  marrow  prepara- 
tions according  to  the  general  type  of  disor- 
der. Preparations  from  patients  with  lym- 
phoma were  stained  more  frequently  (45% 
positive)  than  those  from  patients  with  leu- 
kemia (11%).  Bone  marrow  films  from  pa- 
tients with  nonmalignant  blood  disorders 
were  positive  with  a  frequency  (25%)  be- 
tween the  two. 

The  list  of  diseases  of  patients  whose 
preparations  were  tested  in  the  second  se- 
ries is  listed  in  Table  I.  Again  certain  prepa- 
rations from  patients  with  Hodgkin's  disease 
were  positive  as  well  as  preparations  from 
patients  with  multiple  myeloma,  atypical 
lymphocytes,  red  blood  cell  aplasia,  renal 
failure,  and  one  patient  with  undetermined 
diagnosis.  None  of  the  preparations  from 
patients  with  leukemia  stained.  Examina- 
tion of  these  results  grouped  according  to 
the  general  disorder  (Table  II)  revealed  re- 
sults similar  to  those  seen  in  the  first  series 
of  tests,  except  the  percentage  of  positive 
preparations  was  slightly  lower  in  the  sec- 
ond series.  Table  II  also  gives  the  percent- 
age of  positive  results  of  the  first  and  second 
series  of  tests  combined. 

Characteristics  and  specificity  of  staining 
on  bone  marrow  cells.  Generally,  lympho- 
cytes and  monocytes  were  the  types  of  bone 
marrow  cells  which  gave  positive  staining. 
The  percentage  of  positive  cells  (only  mono- 
nuclear cells  considered)  ranged  from  1  to 
50%.  Figure  1  is  a  photomicrograph  of  a 
positive  leucocyte  which  demonstrates  uni- 
form cytoplasmic  fluorescence.  Conjugated 
preimmune  rabbit  serum  did  not  stain  the 
bone  marrow  cells  nor  did  conjugated  anti- 
serum prepared  against  antigens  unrelated 
to  JIII  particles.  Absorption  of  JIII  antis^ 
rum  with  JIII  cell  powder  reduced  the  dilu- 
tion of  antiserum  which  could  stain  the  bone 
marrow  cells  from  1:8  to  1:2.  Absorption  of 
antiserum  with  tonsilar  lymphocyte  powder 
had  minimal  effect  on  the  staining  capacity 
of  the  antiserum  when  tested  on  bone  mar- 
row cells.  This  result  suggests  that  the  anti- 
gen being  detected  on  the  bone  marrow  cells 
is  related  or  identical  to  the  antigen  of  JIII 
particles. 

Statistical  analysis.  There  was  not  a  signif- 
icant difference  between  the  first  and  sec- 
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TABLE  I.  Fluorescent  Antibody  Tests  of  Bone  Marrow  Films  from  Patients  with  Various 

Diseases  wtth  JIII  Antiserum". 


First  Series 


Second  Series 


Disease 


No. 

positive/ 

total 


Disease 


No. 

positive/ 

total 


Acute  myelomonocytic  leukemia  0/12 

Chronic  lymphocytic  leukemia  2/9 

Chronic  granulocytic  leukemia  1/4 

Acute  lymphocytic  leukemia  0/1 

Histiomonocytic  leukemia  0/1 

Hodgkin*s  Disease  3/7 

Anemia  2/9 

Lymphadenapathy  0/2 

Abnormal  white  blood  cells  1/1 

Lymphomas  2/4 

Scleroderma  0/2 


Hodgkin*s  Disease  4/1 1 

Non  Hodgkin*s  lymphomas  4/ IS 

Reticulum  sarcoma  1/2 

Histiocytic  lymphoma  1/1 
Poorly  differentiated  lymphocytic  lymphoma  1/5 
Well  differentiated  lymphocytic  lymphoma         0/12 

Unclassified  lymphoma  1/15 

Chronic  granulocytic  leukemia  0/2 

Prolymphocytic  leukemia  0/1 

Acute  lymphocytic  leukemia  0/1 

Acute  myelomonocytic  leukemia  0/12 

Chronic  lymphocytic  leukemia  0/3 

Erythroleukemia  0/1 

Cancer  metastasis  0/3 

Multiple  myeloma  1/3 

Atypical  lymphocytes  1/1 

Agranulocytosis  0/1 

Polycythemia  0/1 

Red  cell  aplasia  1/1 

Anemia  0/13 

Cirrhosis  0/1 

T.  B.  abscess  0/1 

Renal  failure  1/2 

Kidney  transplant  0/1 

Seizures  syndrome  0/1 

Arthritis  0/1 

Sarcoidosis  0/1 

Undetermined  diagnosis  1/1 


*  The  direct  fluorescent  antibody  test  was  used  with  a  1:8  dilution  of  JIII  antiserum. 

TABLE  II.  Results  of  Fluorescent  Antibody  Test  on  Bone  Marrow  Films  Grouped  According  to 

THE  General  Disorder. 


First! 

series 

Second 

series 

First  and  Second  series 

No.  posi- 

Positive 

No.  posi- 

Positive 

No.  positive/ 

Positive 

Disease 

tive/total 

(%) 

tive/total 

(%) 

total 

(%) 

All  lymphomas 

5/11 

45 

9/26 

34 

14/37 

38 

All  leukemias 

3/27 

11 

0/20 

0 

3/47 

6 

Other  cancers 

— 

— 

1/6 

14 

1/6 

16 

Nonmalignant  blood  dis- 

3/12 

25 

2/7 

28 

5/19 

26 

orders 

Nonmalignant  disorders 

0/2 

0 

1/8 

12 

1/10 

10 

ond  series  of  tests  when  the  fraction  of  posi- 
tive or  negative  preparations  from  lym- 
phoma patients  were  compared  by  chi 
square  tests  (x*  =  0.38,  p  70.50).  There 
were  not  enough  positive  preparations  from 
patients  with  leukemia  to  do  chi  square  tests 
to  compare  series  1  and  2,  but  those  results 
and  results  of  preparations  from  patients 
with   nonmalignant  blood   disorders  were 


very  similar.  (Table  II).  Using  the  combined 
groups,  chi  square  tests  were  also  used  to 
determine  whether  the  fraction  of  positives 
in  preparations  from  patients  with  leukemia 
and  those  with  lymphoma  are  significantly 
different.  A  chi  square  value  of  13.42  (p  < 
0.001)  was  calculated.  A  chi  square  value  of 
1 .00  (p  >  0.30)  was  calculated  when  results 
from  tests  of  preparations  from  patients 
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Fig.   1.  Bone  marrow  leucocyte  with  cytoplasmic  fluorescence.  This  preparation  was  stained  with  a  1:8 
dilution  of  the  JIII  antiserum  using  the  direct  fluorescent  antibody  test.  400  x . 


with  lymphoma  and  nonmalignant  blood 
disorders  were  compared.  There  appears  to 
be  a  significant  difference  in  results  to  the 
test  of  preparations  from  patients  with  leu- 
kemia aad  lymphoma  but  not  of  results  of 
preparations  from  patients  with  lymphoma 
and  this  selection  of  nonmalignant  blood 
disorders  at  a  5%  level. 

Another  series  of  statistical  tests  were 
performed  which  dealt  with  comparing  five 
different  characteristics  of  the  patients  with 
lymphoma  to  the  fluorescent  antibody  test 
results.  Chi  square  tests  were  done  analyz- 
ing the  variables  sex  and  stage  of  disease, 
the  Fisher  exact  test  was  done  on  the  varia- 
bles, treatment  of  patients  and  bone  marrow 
involvement  with  malignant  cells,  and  the  t 
test  was  done  on  the  variable,  age  of  pa- 
tients at  time  of  diagnosis.  There  was  a  sig- 
nificant relationship  between  age  of  the  pa- 
tients and  the  fluorescent  antibody  test  re- 
sult /  =  2.82  (p  <  0.01). 

Positive  and  negative  fluorescent  anti- 
body results  were  grouped  into  age  deciles 
in  order  to  further  examine  the  relationship 
between  age  of  patients  and  the  fluorescent 
antibody  results.  Table  III  shows  the  num- 
ber of  positive  and  negative  preparations  in 
each  age  decile.  The  difference  was  small 
between  the  number  of  positive  and  nega- 
tive preparations  in  the  age  deciles  up  to  age 
50,  since  23  preparations  were  examined, 
and  12  were  positive  while  11  were  nega- 
tive. In  contrast,  the  results  of  preparations 
from  patients  over  the  age  of  50  showed  that 
of  14  tested,  only  2  were  positive  and  12 
were  negative.  It  appears  that  patients  with 


TABLE  III.  Age  Distribution  (Age  at  Time  of 

Diagnosis)  of  Patients  and  Fluokescent 

Antibody  Test  Results. 


Numbers  of  patienU 

Age  decile 

Positive 

Negative         Total 

11-20 
21-30 
31-40 
41-50 
51-60 
61-70 

3 
2 
2 
5 
2 
0 

0                  3 
3                  5 
5                  7 

3  8 
8                 10 

4  4 

lymphomas  over  age  50  are  less  likely  to 
have  the  antigen  of  JIII  particles  on  their 
cells  as  those  under  SO. 

Discussion.  The  antigen  displayed  on 
bone  marrow  cells  with  fluorescent  antibody 
is  similar  or  identical  with  the  JIII  particu- 
late antigen (s)  since  the  antibody  is  ad- 
sorbed by  JIII  cell  powder  but  not  by  tonsi- 
lar  lymphocyte  powder.  It  is  unlikely  the 
antigen  is  a  histocompatibility  antigen  be- 
cause of  the  age  distribution  of  its  fre- 
quency. It  is  clearly  unrelated  to  representa- 
tive oncornaviruses.  The  JIII  antigen  is 
present  only  in  the  bone  marrow  of  some 
leukemia  and  lymphoma  patients.  It  is  not 
known  whether  the  bone  marrow  samples 
which  did  react  positively  to  the  JIII  anti- 
body would  have  reacted  positively  with  an- 
tibodies prepared  to  plasma  particles  or  to 
oncornaviruses.  These  malignancies  may 
have  multiple  etiologies.  The  bimodal  age 
distribution  of  Hodgkin's  disease  suggests 
this,  as  well  as  a  different  pathology,  course 
and  prognosis  in  younger  patients  compared 
to  those  over  50  years  of  age  (9).  If  the  JIII 
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antigen  is  etiologically  significant,  this  may 
account  for  the  high  frequency  of  the  JIII 
antigen  in  younger  people  with  lymphoma. 
From  animal  models  of  infectious  etiologic 
agents,  acute  productive  infections  of  cells 
are  to  be  anticipated  in  addition  to  malig- 
nant transformation,  ie.,  the  presence  of  the 
agent  is  likely  not  restricted  to  tumor  cells. 
This  may  be  the  meaning  of  the  positive 
preparations  from  patients  with  nonmalig- 
nant  blood  disorders. 

The  significance  of  the  JIII  antigen  might 
be  clarified  by  determining  its  presence  in 
pathologic  specimens,  in  conjunction  with 
simultaneous  tests  for  other  etiologic  candi- 
dates and  from  a  study  of  lymphomas  arising 
in  epidemiologic  clusters. 

Summary,  Fluorescent  antibodies  pre- 
pared against  extracellular  particles  from  a 
continuous  culture  of  cells  derived  from  a 
monocytic  leukemia  stained  JIII  cells  but 
not  cells  infected  with  Rauscher  leukemia 
virus  or  simian  sarcoma  virus.  These  anti- 
bodies reacted  with  38%  of  bone  marrow 
preparations  from  patients  with  lymphoma, 
26%  of  preparations  from  patients  with 
nonmalignant  blood  disorders  and  6%  of 
preparations  from  patients  with  leukemia. 
Bone  marrow  films  from  patients  with  lym- 


phoma over  the  age  of  50  stained  less  fre- 
quently than  those  from  patients  under  50. 
These  particles  released  from  JIII  cells  are 
not  antigenically  related  to  two  of  the  com- 
monly studied  oncornaviruses,  but  may  be 
indicative  of  the  etiology  or  disease  process 
of  lymphoma  in  young  patients. 
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In  a  previous  study  (1)  we  found  that 
tryptophan  slowed  gastric  emptying  signifi- 
cantly (60%  inhibition)  in  concentrations 
about  10  X  lower  than  25  other  amino  acids 
including  phenylalanine.  We  concluded  that 
there  appeared  to  be  a  specific  tryptophan 
receptor  which  was  probably  different  from 
the  classical  osmoreceptor  (1-3). 

Tryptophan  is  well  absorbed  by  the  small 
intestine  and  is  largely  metabolized  in  the 
liver  (4).  It  is  possible,  therefore,  that  tryp- 
tophan or  its  metabolites  may  act,  after  ab- 
sorption, directly  on  the  stomach  to  slow 
emptying. 

The  aim  of  this  study  was  to  determine 
whether  tryptophan  or  some  of  its  metabo- 
lites act  directly  on  the  stomach  or  brain 
rather  than  via  gastrointestinal  receptors. 
This  was  done  by  instilling  tryptophan  me- 
tabolites into  the  gut  or  infusing  tryptophan 
and  some  metabolites  intravenously  (Fig. 

1). 

Methods  and  materials.  Studies  over  a  pe- 
riod of  several  months  were  made  in  five 
healthy  dogs  weighing  14  to  19  kg.  Each 
dog  was  equipped  with  a  Thomas  (5)  can- 
nula to  form  a  gastric  fistula.  The  dogs  were 
fasted  18  hr  before  testing  but  were  allowed 
water  ad  lib. 

Procedures.  The  dogs  were  brought  to  the 
laboratory  and  their  stomachs  were  rinsed 
with  tap  water  via  the  gastric  fistula  to  clear 
accumulated  secretions.  This  rinse  was  al- 
lowed to  drain  by  gravity.  A  plastic  adapter 
with  a  stop-cock  was  then  connected  to  the 
gastric  cannula  through  which  the  test  meals 
were  instilled  and  drained.  Two  25-min  test 
meals  were  given  in  succession  with  35  min 
between  each  meal.  The  first  meal  (300  ml 
at  37**)  was  a  control  and  consisted  of  deion- 
ized  water  with  phenol  red  (40  mg  liter"*),  a 
nonabsorbable  marker  dye  and  was  instilled 
via  the  gastric  fistula  into  the  stomach  in  less 
than  45  sec.  After  25  min,  the  contents  of 


the  stomach  were  drained  completely  by 
gravity  through  the  gastric  fistula.  Immedi- 
ately after  the  gastric  contents  were  col- 
lected, 200  ml  of  a  "wash"  solution  of 
deionized  water  was  instilled  into  the  stom- 
ach to  recover  any  residual  contents  and 
then  drained.  The  gastric  fistula  was  left 
open  and  gastric  secretions  were  allowed  to 
drain  by  gravity  in  the  35  min  interval  be- 
tween tests.  The  second  meal  containing  the 
test  substance  and  phenol  red  was  adminisr 
tered  and  collected  in  precisely  the  same 
fashion  as  the  first. 

These  techniques  were  varied  slightly  in 
the  intravenous  studies.  For  each  experi- 
ment, a  polyethylene  catheter  (PE  50,  In- 
tramedic.  Clay  Adams  Inc.,  N.Y.)  was  in- 
serted into  a  dog's  hind  leg  vein.  A  syringe 
pump  (Harvard  Apparatus,  Dover,  Mass.) 
was  used  to  infuse  normal  saline  or  the  test 
substance  into  the  vein  at  25  ml  hr"^  As  the 
control,  the  dog  was  infused  for  1  hr  with 
normal  saline  and  during  the  last  25  min  a 
deionized  water  meal  was  given.  The  test 
substance  was  then  added  to  the  iv  infusion 
and  the  mixture  infused  for  1  hr,  the  last  23 
min  of  which  a  deionized  water  meal  was 
given.  The  collection  of  the  test  meals  was 
identical  to  that  described  above. 

The  volumes  of  the  residual  gastric  con- 
tents and  wash  solutions  were  measured  to 
the  nearest  1  ml  and  samples  were  saved  for 
determination  of  phenol  red  concentration. 
Phenol  red  concentration  after  alkaliniza- 
tion  was  measured  spectrophotometrically 
at  a  wavelength  of  558  nm. 

Test  Meals  and  Substances.  All  meals 
were  300  ml  in  volume  with  phenol  red  (40 
mg  liter"*).  The  osmolalities  were  the  same 
as  the  individual  concentrations.  In  the  first 
series  of  studies  the  test  meals  contained  dl- 
kynurenine  (5  mAf),  5-hydroxytryptophan 
(5  mAf),  or  5-hydroitytryptamine  (sero- 
tonin) in  a  concentration  of  20  mAf  (20 
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he  major  metabolic  pathways  of  tryptophan. 

TABLE  I.  The  Effect  of  Instilled  Tryptophan 
Metabolites  on  Gastric  Emptying. 


Mean 

Mean 

Num- 

control 

Test 

ber  of 

(ml 

(ml 

Metabolite 

dogs 

±SE) 

±  SE) 

P 

5-Hydroxy- 

4 

33 

44 

>0.05 

tryptamine 

±6 

±19 

(20  mA/) 

DL-Kynurenine 

4 

25 

42 

>0.05 

(5  mA/) 

±5 

±12 

5-Hydroxy- 

2 

23 

53 

- 

tryptophan 

±3 

±18 

(5  mA/) 

droxy tryptophan  (5  mAf )  was  studied  in  two 
dogs  only  because  of  toxicity  (extreme  rest- 
lessness). 

Effect  of  intravenous  tryptophan  and  me- 
tabolites. All  concentrations  of  L-trypto- 
phan,  3-indolepyruvic  acid,  5-hydroxytrypt- 
amine  and  DL-kynurenine  failed  to  cause 
significant  slowing  of  gastric  emptying  (p  > 
0.05)  (Table  II). 

Discussion,  Previous  studies  have  indi- 
cated that  tryptophan  is  a  powerful  inhibitor 
of  gastric  emptying  and  is  unique  among 
amino  acids  for  this  action  (1).  Those  stud- 
ies, however,  did  not  determine  whether  the 
effect  of  tryptophan  was  due  to  tryptophan 
itself  or  some  of  its  metabolites. 

In  the  present  study  we  did  not  find  an 
effect  on  gastric  emptying  with  large  doses 
of  the  tryptophan  metabolites  5-hydroxy- 
tryptamine,  DL-kynurenine,  and  5-hydroxy- 
tryptophan  following  instillation  into  the  gut 
(Table  I).  Furthermore,  when  these  same 
metabolites  as  well  as  3-indolepyruvic  acid 
and  L-tryptophan  itself  were  infused  intrave- 
nously, no  statistically  significant  slowing  of 
emptying  occurred  (Table  II).  These  studies 
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TABLE  II.  The  Effect  of  Intravenous  Tryptophan  and  Metabolites  on  Gastric  Emptying. 


Afl 

mean  volume  (ml 

±  SE)  at  various  ooncentratioiis 

Substance 

2mM 

5mAf 

lOmAf 

20  mM 

50  mM 

L-Tryptophan 
3-Indolepynivic 
5-Hydroxytryptaiiiine 
DL-Kynurenine 

-19  ±  8 
65  ±43 
20  ±33 

-  6  ±  17 
29  ±30 

62  ±23 

13  ±20 
65  ±  30 
48  ±23 

9±  19 

-13  ±12 

'  The  A  volume  is  the  difference  between  control  and  following  iv  infusion.  Negative  values  indicate  that 
control  was  greater  than  the  test  situation. 


indicate  that  tryptophan  is  the  agent  which 
delays  gastric  emptying  and  not  its  metabo- 
lites and  that  it  works  by  exciting  receptors 
in  the  gut  and  not  by  direct  action  on  the 
stomach  or  brain. 

Summary.  The  effects  of  tryptophan  and 
its  metabolites  were  studied  to  determine 
whether  the  known  inhibiting  effect  of  tryp- 
tophan on  emptying  was  due  to  local  or 
systemic  effects  or  due  to  tryptophan  metab- 
olites. In  five  dogs  with  chronic  gastric  fistu- 
las, instillation  of  300  ml  of  DL-kynurenine 
(5  mAf ),  5-hydroxy tryptophan  (5  mAf ),  or 
5-hydroxytryptamine  (20  mAf)  into  the  gut 
did  not  slow  gastric  emptying.  Furthermore, 
iv  infusion  of  L-tryptophan  (5,  20,  50  mAf), 
DL-kynurenine  (2,  5,  10  mAf),  5-hydroxy- 
tryptamine (2  mAf,  10  mAf),  and  3-indole- 
pynivic  acid  (2,5,10  mAf)  also  did  not  slow 
gastric  emptying. 

These  studies  indicate  that  tryptophan 
slows  gastric  emptying  by  exciting  a  receptor 


in  the  gut  and  not  by  a  direct  effect  on  the 
stomach  or  brain  or  via  its  major  metabo- 
lites. 

This  work  was  supported  by  Grant  AM  15886  from 
the  National  Institutes  of  Health  and  Veterans  Admin- 
istration Research  Funds. 
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e  anticipation  and  ingestion  of  food 
generalized  cardiovascular  response 
vating  the  sympathetic  nervous  sys- 
le  cardiovascular  adjustments  during 
tprandial  period  are  limited  to  a  hy- 
a  in  the  digestive  organs  (1-3).  The 
mia  begins  within  5  to  IS  minutes 
ng  oral  ingestion  of  food.  Recent 
further  indicate  that  the  hyperemia 
astrointestinal  tract  is  confined  to  the 
il  layer  of  the  segment  containing 
(4-6).  These  studies  suggest  that  the 
mia  may  be  related  to  absorptive 
es  and/or  interaction  of  chyme  with 
:osa.  The  present  study  was  designed 
ss  if  the  concentration  of  nutrients 
osmolality  of  chyme  in  the  gut  lumen 
nificant  factors  determining  the  de- 
postprandial  intestinal  hyperemia. 
ods.  Fasted  mongrel  dogs  were  anes- 
1  with  pentobarbital  sodium  (30  mg/ 
ntilated  with  a  Harvard  respirator, 
en  heparin  sodium  (6  mg/kg)  as  an 
gulant.  A  loop  of  jejunum  was  exter- 
and  divided  into  two  segments,  each 
I  by  a  single  vein  (4).  The  veins  were 
ited  and  the  venous  outflows  were 
i  into  a  reservoir  from  which  the 
v^as  pumped  back  to  the  animal  via  a 
I  vein.  A  rubber  tube  was  placed  into 
len  of  each  segment  for  the  introduc- 
d  withdrawal  of  fluids.  At  all  other 
:he  tube  was  connected  to  a  Statham 
e  transducer  (Model  No.  P23Gb)  to 
r  intraluminal  pressure.  Both  ends  of 
gment  were  tied  and  the  mesentery 
to  exclude  collateral  flow.  Systemic 
pressure  was  continuously  moni- 
irough  a  femoral  arterial  cannula, 
mercially  available  dog  food  (Alpo, 

investigation  was  supported  by  Research 
[L  15231  from  the  National  Institutes  of 
rhis  paper  was  abstracted  in  part  in  Physiolo- 
168,  1974. 


Allen  Products  Co.,  Allen  town.  Pa.;  fat, 
7.0%;  protein,  12.0%;  fiber,  1.5%;  mois- 
ture, 78.0%;  ash,  3.0%)  was  homogenized 
and  its  pH  was  adjusted  to  approximately 
7.0  with  NaHCOg.  To  each  can  of  this  ho- 
mogenate  was  added  750  mg  of  a  pancreatic 
enzyme  preparation*  (Viokase,  Viobin 
Corp.,  Monticello,  III.)  and  the  whole  mix- 
ture was  gently  stirred  with  a  magnetic  stir- 
rer for  5  hr  to  permit  digestion.  From  this 
digested  food,  four  mixtures  of  different 
concentrations  were  prepared.  One  was  un- 
diluted (100%);  a  second  was  diluted  with 
distilled  water  to  give  a  mixture  which  was 
33%  food  in  water,  i.e.,  1  part  food,  2  parts 
water.  The  third  was  diluted  to  give  a  20% 
and  the  fourth  was  10%  food  in  water.  Ali- 
quots  of  each  of  the  four  food  mixtures  were 
centrifuged  (19,25Qg)  and  the  pH  and  os- 
molalities of  their  supematants  determined 
(Beckman  Expandomatic  pH  meter.  Beck- 
man  Instruments,  Incorporated,  Advanced 
Osmometer,  Advanced  Instruments,  Incor- 
porated). The  pH  of  100,  33,  20,  and  10% 
food  mixtures  were  6.40  ±  0.02,  6.53  ± 
0.02,  6.57  ±  0.02,  and  6.58  ±  0.04,  respec- 
tively, and  the  osmolalities  were  998.6  ± 
30.3,  291 .3  ±  5.3, 183.0  ±  5.8,  and  94.0  ± 
2.7  mOsm/kg  (mean  ±  SEM).  Seven  and  12 
cans  of  the  dog  food  were  treated  as  de- 
scribed above  for  the  determination  of  pH 
and  osmolality,  respectively. 

The  protocol  for  all  experiments  consisted 
of  three  15-min  periods:  Precontrol,  test, 
and  postcontrol.  In  the  pre-  and  postcontrol 
periods,  both  segments  contained  10  ml  of 
normal  saline.  The  luminal  contents  in  the 
test  period  varied  with  each  experiment. 
During  the  test  period  of  the  first  series  of 
experiments  (N  =  7),  one  segment  con- 
tained 10  ml  of  one  of  the  four  food  mix- 

'  The  pancreatic  enzyme  preparation  did  not  alter 
jejunal  blood  flow  when  placed  into  the  lumen  (unpub- 
lished observation). 
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tures  and  the  other  segment  10  ml  of  normal 
saline  so  that  the  effects  of  each  of  these 
mixtures  could  be  studied  using  saline  as  a 
control  in  the  other  segment.  In  the  second 
series  of  experiments  (N  =  6),  the  hyper- 
emic  effects  of  100,  33,  and  20%  food  mix- 
tures were  compared.  During  the  test  pe- 
riod, one  segment  contained  10  ml  of  one  of 
these  three  mixtures  and  the  other  segment 
10  ml  of  one  of  the  other  two  mixtures. 
Since  100,  20,  and  10%  food  mixtures  were 
not  isotonic  to  plasma,  the  effects  of  these 
mixtures  might  be  due,  in  part,  to  their 
osmolalities.  The  third  series  of  experiments 
(N  =  6)  was  designed  to  test  this  possibility. 
In  order  to  eliminate  the  hypotonic  effect  of 
20  and  10%  food  mixtures,  isotonic  mix- 
tures of  these  foods  (320.0  ±  12.3  and 
281.3  ±  6.0  mOsm/kg,  respectively)  were 
made  from  a  portion  of  these  mixtures  by 
addition  of  appropriate  amounts  of  NaCl. 
During  the  test  period,  one  segment  con- 
tained 10  ml  of  a  hypotonic  mixture  while 
the  other  segment  contained  10  ml  of  the 
isotonic  mixture  of  the  same  concentration. 
The  hypertonic  100%  food  could  not  be 
made  isotonic  without  decreasing  its  con- 
centration. Therefore,  a  30%  solution  of  a 
nonabsorbable  substance,  polyethylene  gly- 
col (PEG),  having  the  same  osmolality 
(1000  mOsm/kg)  as  that  of  100%  food  was 
made.  During  a  test  period,  one  segment 
contained  10  ml  of  100%  food  while  the 
other  segment  contained  10  ml  of  30% 
PEG.  In  the  three  series,  all  solutions  intro- 
duced into  the  intestinal  lumen  were  at  37^. 

Control  or  test  mixtures  remained  in  the 
lumen  for  15  min  during  which  venous  out- 
flows from  both  segments  were  simultane- 
ously collected  in  graduated  cylinders  in  3- 
min  samples  with  a  1-min  interval  between 
collections.  Aliquots  of  venous  blood  of  the 
last  collection  were  retained  for  determina- 
tion of  osmolality  (Advanced  Instruments 
Osmometer).  After  each  period,  the  lumen 
contents  were  withdrawn,  their  volumes 
measured,  and  the  lumen  was  gently  washed 
with  warm  normal  saline. 

Results.  Systemic  arterial  pressure  which 
ranged  from  116  to  165  mm  Hg  (136.8  ± 
2.7  mm  Hg,  mean  ±  SEM)  in  all  three 
series  of  experiments  was  not  significantly 


altered  by  luminal  placement  of  any  food 
mixture,  saline,  or  PEG.  After  luminal 
placement  of  100, 33,  or  20%  food  mixture, 
venous  outflow  gradually  increased, 
reached  a  plateau  by  8  to  11  min,  and  re- 
mained at  that  level  for  the  next  4  min.  The 
venous  outflow  measured  8  to  1 1  min  fol- 
lowing the  placement  of  any  food  mixture 
was  statistically  the  same  as  that  measured 
during  the  last  3-min  period.  Therefore, 
only  the  values  from  the  last  3-min  flow 
collection  were  used  for  expressing  and  ana- 
lyzing the  data. 

Series  T  (Table  I),  Luminal  placement  of 
100,  33,  or  20%  digested  food  mixture  sig- 
nificantly increased  venous  outflow,  but 
10%  food  did  not.  No  significant  change  in 
flow  occurred  in  the  control  segment  into 
which  normal  saline  was  placed  successively 
in  the  three  periods.  The  lumen  volume  sig- 
nificantly increased  (+2.5  ±  0.8  ml)  with 
100%  food  in  the  lumen,  did  not  change 
with  saline,  33  or  20%  food,  and  decreased 
with  10%  food  (-3.5  ±  0.8  ml).  Only 
100%  food  significantly  increased  venous 
osmolality  (+10.6  ±  2.4  mOsm/kg  from  a 
control  of  293.3  ±  1.6  mOsm/kg). 

Series  II  (Table  II),  The  hyperemic  effect 
of  luminal  placement  of  100%  food  was 
significantly  greater  than  that  of  33  or  20% 
food  (comparisons  1  and  2).  The  hyperemic 
effect  of  33  and  20%  food  mixtures  was 
similar.  Again,  only  100%  food  in  the  lu- 
men significantly  increased  lumen  volume 
and  venous  osmolality. 

Series  III  (Table  III),  While  100%  food 
markedly  increased  flow,  30%  PEG  did  not 
significantly  alter  flow.  Both  solutions,  how- 
ever, equally  increased  venous  osmolalit)* 
and  lumen  volume.  Both  isotonic  and  hypo- 
tonic 20%  food  mixtures  increased  flow  to 
the  same  extent  and  did  not  significantly 
alter  venous  osmolality  or  lumen  volume. 
Neither  isotonic  nor  hypotonic  10%  food 
significantly  altered  flow,  but  hypotonic 
10%  food  significantly  decreased  lumen 
volume. 

Discussion,  The  aim  of  this  study  was  to 
assess  if  the  concentration  of  nutrients  and 
the  osmolality  of  chyme  in  the  intestinal 
lumen  are  significant  factors  determining 
the  degree  of  intestinal  hyperemia  during 
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TABLE  I. 

Mean  ±  SEM  Venous  Outflow  (ml/min/100g) 

FROM  Two  Adjacent  Jejunal  Segments'. 

Experimental  segment 

Control  segment 

Lumen  content 

Saline 

Food 

Saline 

Saline                      Saline 

SaUne 

100%  food 
33%  food 
20%  food 
10%  food 

47.4  ±  5.7 
57.0  ±  9.8 
49.4  ±  7.9 
55.3  ±  7.6 

65.6  ±  6.6* 
66.5  ±  10.4» 
60.5  ±  8.3» 
59.0  ±  8.6 

47.7  ±  6.6» 
52.9  ±  8.1» 
50.5  ±  6.6» 
54.4  ±  9.5 

55.1  ±8.4               51.8  ±8.5 
51.7  ±7.7               47.1  ±6.7 
51.4  ±6.9               50.8  ±5.8 

59.2  ±12.4             54.3  ±11.7 

59.1  ±  11.7 
46.3  ±  5.8 
46.1  ±  5.7 
52.6  ±11.8 

*  N  »  7  for  each  food  mixture. 

*  Value  significantly  different  from  preceeding  value,  p  <  0.05  (paired  Student's  i  test). 

TABLE  n.  Comparison  of  the  Effects  of  Luminal  Placement  of  100,  33,  and  20%  Food  on  Venous 
Outflow,  Venous  Osmolality,  and  Lumen  Volume" 


Segment  A 


Segment  B 


D  =  A  -  B* 


Comparison  1 
Blood  Flow  (%) 
Osmolality  (mOsm/kg) 
Lumen  volume  (ml) 

Comparison  2 
Blood  flow  (%) 
Osmolality  (mOsm/kg) 
Lumen  volume  (ml) 

Comparison  3 
Blood  flow  (%) 
Osmolality  (mOsm/kg) 
Lumen  volume  (ml) 


100%  food 

+26.9  ±  4.4<* 

+8.3  ±  2.3*^ 

+  1.9  ±  O.V 

100%  food 
+  24.4  ±  6.2^ 
+  10.5  ±  2.y 

+2.1  ±  o.r 

33%  food 

+  18.3  ±  4.0*- 

+2.0  ±  1.3 

+0.4  ±  0.3 


33%  food 

+  10.4  ±  1.3^ 

+  1.5  ±  1.3 

+0.2  ±  0.4 

20%  food 

+  10.3  ±  2.9*" 

+0.8  ±  1.2 

-0.5  ±  0.4 

20%  food 

+  17.3  ±  4.r 

+0.0  ±  0.6 

-0.6  ±  0.7 


+  16.5  ±  5.9' 
+6.8  ±  2.r 
+  1.7  ±  0.4*^ 


+  14.1  ±4.5' 
+9.7  ±  3.4' 
+2.6  ±  0.9' 


+  1.0  ±  2.4 
+  2.0  ±  1.2 
+  1.0  ±  0.5 


'  N  =  6  for  each  comparison.  The  values  are  changes  from  precontrol  values.  Comparisons  1  and  2  were 
performed  in  the  same  animals  with  food  from  the  same  cans,  but  comparison  3  was  performed  in  another  group  of 
animals.  Data  from  the  latter  group  are  also  presented  in  Table  III. 

^  D  =  the  difference  in  changes  produced  by  two  paired  food  mixtures. 

'  Values  are  statistically  significant,  p  <  0.05  (paired  Student*s  /  test). 


digestion.  As  shown  in  Table  I,  luminal 
placement  of  100,  33,  or  20%  food  mixture 
significantly  increased  venous  outflow,  in 
contrast,  placement  of  a  10%  food  mixture 
did  not  signiHcantly  alter  flow.  These  data 
suggest  that  the  concentration  of  nutrients 
in  the  lumen  must  exceed  a  certain  value  to 
produce  local  hyperemia.  The  hyperemic  ef- 
fect of  100%  food  was  significantly  greater 
than  that  of  33  or  20%  food  (comparisons  1 
and  2,  Table  II)  indicating  that  the  greater 
the  concentration  of  nutrients  in  the  chyme 
the  greater  is  the  resultant  hyperemia.  How- 
ever, a  slight  difference  in  the  concentration 
does  not  appear  to  produce  an  appreciable 
difference  in  the  hyperemic  effect  because 
33  and  22%  food  mixtures  increased  flow  to 
the  same  extent  (comparison  3,  Table  II). 

Since  the  osmolalities  of  the  four  food 
mixtures  are  different,  the  differences  in 
their  vascular  effects  may  be  due  to  the 
differences  in  their  osmolalities.  However, 


as  shown  in  Table  III,  a  30%  PEG  solution 
having  the  same  osmolality  as  100%  food 
does  not  significantly  alter  venous  outflow 
even  though  its  effects  on  venous  osmolality 
and  lumen  volume  are  qualitatively  and 
quantitatively  similar  to  those  of  100% 
food.  The  hyperemic  effect  of  100%  food 
therefore  is  not  due  to  its  hypertonicity. 
Also,  neither  the  hyperemic  effect  of  20% 
food  nor  the  lack  of  vascular  effect  of  10% 
food  is  due  to  their  hypotonicity.  As  shown 
in  Table  III,  keeping  the  concentrations  of 
nutrients  in  the  mixtures  unchanged  but 
raising  their  osmolalities  to  near  isotonicity 
does  not  alter  the  vascular  effects  of  the 
hypotonic  20  or  10%  food  mixtures.  These 
data  thus  indicate  that  lumen  osmolality, 
within  a  range  of  180  to  1000  mOsm/kg  is 
not  a  significant  factor  contributing  to  the 
local  intestinal  hyperemia  produced  by  the 
presence  of  chyme  in  the  jejunal  lumen.  We 
have  also  shown  previously  that  changes  in 
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TABLE  III.  Comparison  of  the  Effects  of  Luminal  Placement  of  Hypertonic  PEG  and  100%  Food, 
Iso-  AND  Hypotonic  20%  Food,  and  Iso-  and  Hypotonic  10%  Food  on  the  Venous  Outflow.  Venous 

OSMOLALmr,  AND  LUMEN  VoLUME'. 


Segment  A 


Segment  B 


D  =  A  -  B» 


Comparison  1 
Blood  Oow  (%) 
Osmolality  (mOsm/kg) 
Lumen  volume  (ml) 

100%  food 
+37.4  ±  7.9'^ 
+  13.2  ±  3.9'^ 

+3.3  ±  0.7«^ 

30%  PEG 

+  1.4  ±  2.2 

+  13.7  ±  5.0^ 

+4.2  ±  0.6^ 

+36.0  ±  6.y 
-0.5  ±  5.1 
-0.9  ±  0.7 

Comparison  2 

1-20%  food 

H-20%  food 

Blood  Oow  (%) 
Osmolality  (mOsm/kg) 
Lumen  volume  (ml) 

+  18.7  ±  6.(y 
+4.3  ±  1.9 
-0.4  ±  0.5 

+  18.9  ±6.y 
+0.5  ±  2.0 
-0.9  ±  0.8 

-0.2  ±  3.5 
+3.8  ±  3.7 
+0.5  ±  0.7 

Comparison  3 

1-10%  food 

H-10%  food 

Blood  flow  (%) 
Osmolality  (mOsm/kg) 
Lumen  volume  (ml) 

+3.1  ±  7.9 
+2.3  ±  2.9 
-1.3  ±7.4 

+7.6  ±  5.4 
-5.3  ±  2.9 
-4.3  ±  l.O*^ 

-4.5  ±  5.0 
+  7.6  ±  4.9 
+  3.0  ±  O.r 

"  A^  =  6  for  each  comparison.  The  values  are  changes  from  precontrol  values.  1-20%  and  1-10% 
20%  and  10%.  H-20%  and  H-10%  =  Hypotonic  20%  and  10%. 

^  D  =  the  difference  in  changes  produced  by  two  paired  food  mixtures. 
^  Values  are  statistically  significant*  p  <  0.05  (paired  Student*s  /  test). 


Isotonic 


lumen  pH,  over  a  range  of  2.5  to  11.0,  do 
not  significantly  alter  local  blood  flow  (7, 
8). 

The  finding  that  the  hyperemia  requires  a 
presence  of  a  certain  amount  of  digested 
food  in  the  lumen  and  is  directly  related  to 
the  concentration  of  digested  food  in  the 
chyme  suggests  that  some  chemicals  in  the 
food  mixture  are  vasoactive  when  placed 
into  the  lumen.  We  have  found  recently  that 
the  pancreatic  enzyme  preparation  used  in 
this  present  study  is  not  vasoactive  when 
placed  into  the  lumen.  We  have  also  found 
that  the  vasoactive  substances  are  sus- 
pended in  the  supernatant  of  the  digested 
food  since  luminal  placement  of  the  super- 
natant increases  blood  flow,  but  placement 
of  the  precipitate  or  undigested  food  do  not 
(unpublished  observation).  The  vasoactive 
chemicals  therefore  seem  to  be  digestive 
products  of  carbohydrates,  lipids,  and/or 
proteins.  We  have  shown  that  glucose  in- 
creases intestinal  blood  flow  when  placed 
into  the  lumen  and  the  greater  the  concen- 
tration the  greater  is  the  hyperemia  (4). 

Summary.  Intestinal  blood  flow  is  in- 
creased during  digestion.  This  study  assesses 
if  the  concentration  of  nutrients  and/or  os- 
molality of  chyme  in  the  intestinal  lumen  are 
factors  determining  the  hyperemia.  Six  di- 
gested food  mixtures  containing  different 


concentrations  of  nutrients  and/or  having 
different  osmolalities  were  placed  into  the 
jejunal  lumen,  and  their  effects  on  local 
venous  outflow  compared.  The  100%  (999 
mOsm/kg),  33%  (291  mOsm/kg),  and  20% 
(183  mOsm/kg)  food  mixtures  all  increased 
flow,  but  the  10%  food  mixture  (94  mOsm/ 
kg)  did  not.  The  hyperemic  effect  of  33  and 
20%  food  was  similar,  but  100%  food  pro- 
duced a  greater  increase  in  flow  than  did  33 
or  20%  food.  Luminal  placement  of  a  30% 
solution  of  a  nonabsorbable  substance  poly- 
ethylene glycol  (1000  mOsm/kg)  did  not 
alter  flow.  Also,  the  vascular  effects  of  20  or 
10%  food  mixtures  were  not  altered  when 
these  mixtures  were  made  isotonic  by  the 
addition  of  NaCl.  These  studies  indicate 
that  lumen  osmolality,  within  a  range  of  180 
to  1000  mOsm/kg,  is  not  a  significant  factor 
contributing  to  the  local  hyperemia  occur- 
ring when  nutrients  are  in  the  gut  lumen. 
However,  the  concentration  of  nutrients  in 
the  lumen  is  a  factor  determining  the  local 
hyperemia. 
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The  pregnancy  state  has  always  been  an 
immunological  enigma  in  that  the  fetus  can 
survive  in  the  uterus  across  a  histocompati- 
bility barrier  without  undergoing  transplan- 
tation rejection.  That  this  may  be  related  to 
a  modification  of  immunological  status  of 
the  mother  is  suggested  by  the  observations 
that  (i)  her  lymphocytes  respond  poorly  to 
mitogenic  stimulation,  especially  in  the 
presence  of  autologous  serum  (1),  (ii)  skin 
graft  survival  is  prolonged  (2),  and  (iii)  the 
response  to  tuberculin  skin  testing  is  de- 
pressed (3).  The  present  investigations  were 
carried  out  to  ascertain  if  these  phenomena 
might  be  due  to  changes  in  the  pool  sizes  of 
the  various  lymphocyte  subpopulations. 

Methods,  Subjects.  Blood  was  drawn  from 
two  groups  of  women  after  obtaining  their 
informed  consent:  The  first  group  consisted 
of  females  in  the  third  trimester  of  a  normal 
pregnancy  who  were  attending  the  UCLA 
prenatal  clinic;  the  second  group  consisted 
of  normal  nonpregnant  female  volunteers  of 
child-bearing  age  who  had  never  taken  oral 
contraceptives  or  other  hormonal  supple- 
ments or  had  not  taken  either  within  the 
previous  30  or  more  days. 

Lymphocyte  Preparations,  Blood  was 
drawn  in  heparinized  tubes  between  9  am 
and  11  AM  in  all  subjects.  Total  lymphocyte 
counts  were  determined  by  routine  methods 
from  total  white  blood  cell  counts  and  dif- 
ferential blood  smears.  Lymphocytes  were 
separated  from  peripheral  blood  by  Ficol- 
Hypaque  sedimentation  and  then  incubated 
with  latex  beads  in  serum-free  media  at  37° 
for  30  min  to  facilitate  the  later  identifica- 
tion of  monocytes,  as  previously  described 

(4). 

B- Lymphocytes,  Two  receptors  found  pri- 
marily on  B-lymphocytes  were  identified, 
namely,  the  receptor  for  aggregated  IgG 


*  This  work  supported  in  part  by  USPHS  Grant 
15759. 


(AggIgG)  and  the  receptor  for  complement. 
The  receptor  for  AggIgG  was  identified  as 
described  elsewhere  (4).  After  being  incu- 
bated with  heat-aggregated  gamma  globu- 
lin, lymphocytes  were  washed  and  incu- 
bated with  fluorescein-conjugated  goat  anti- 
human  gamma  globulin  antisera.  After 
being  washed  the  cells  were  examined  live 
under  phase  contrast  and  epifluorescent  mi- 
croscopy. Since  the  fluorescein-conjugated 
antisera  had  polyvalent  activity,  the  assay 
did,  in  fact,  identify  lymphocytes  with  sur- 
face immunoglobulin  and/or  receptors  for 
aggregated  IgG. 

The  method  for  the  detection  of  the  re- 
ceptor for  complement  was  modified  slightly 
from  that  of  Mendes  (S).  Zymosan  granules 
were  disaggregated  by  sonication  and 
washed  in  Hank's  balanced  salt  solution 
(HBSS).  They  were  sensitized  with  a  1:5 
dilution  of  fresh  or  deep  frozen  human  se- 
rum in  HBSS.  After  washing  and  resuspend- 
ing  the  complement-coated  granules  (ZyC) 
to  lOVml.,  0.1-ml  lymphocyte  suspension  (5 
X  lOVml)  was  mixed  with  0.1  ml  ZyC  and 
spun  at  50g  for  S  min.  After  overnight  incu- 
bation at  4**  the  cells  were  resuspended,  sev- 
eral drops  of  0.1%  crystal  violet  solution  (to 
identify  lymphocytes)  were  added,  and  a 
minimum  of  400  cells  were  examined.  A 
lymphocyte  binding  two  or  more  granules 
was  considered  to  have  receptors  for  com- 
plement. 

T'lymphocytes,  T-lymphocytes  were  iden- 
tified by  their  ability  to  bind  sheep  red  blood 
cells  (SRBC)  as  described  elsewhere  (4). 
Briefly  0.1  cc  of  a  0.5%  SRBC  solution 
supplemented  with  20%  fetal  calf  serum 
(previously  absorbed  with  SRBC)  was 
mixed  with  0.1  cc  of  lymphocyte  suspension 
(5  X  lOVml).  After  incubation  at  37**  for  5 
min  and  spinning  at  SOg  for  S  min,  the 
mixture  was  incubated  overnight  at  4*".  Just 
prior  to  examination,  crystal  violet  was 
added  and  the  cells  were  resuspended  on  a 
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"otator  for  2.5  minutes.  Lympho- 
ich  bound  three  or  more  SRBC 
sidered  as  T-lymphocytes. 
:al  Analyses.  All  results  were  cal- 
nd  expressed  as  mean  ±  standard 
Comparison  between  groups  was 
ng  Student's  t  test. 
.  The  recoveries  of  mononuclear 
n  the  interface  of  the  Ficol-Hy- 
'adient  separation  of  blood  were 
1  pregnant  and  nonpregnant  sub- 
.2  ±  4.8%  vs  64.2  ±  6.2%). 
le  I  are  shown  the  percentages  and 
numbers  of  lymphocytes  and  lym- 
subpopulations  in  pregnant  and 
lant  females.  Of  particular  note  is 
egnant  females  there  was  a  signifl- 
Liction  in  cells  with  receptors  for 
as  compared  to  their  nonpregnant 
arts  (p  <  0.001).  Conversely,  cells 
ptors  for  complement  (the  other  B 
:er)  were  equal  in  numbers  in  both 
rhe  percentage  of  T-lymphocytes 
^ased  significantly  in  the  pregnant 
hough  the  absolute  numbers  were 

non.  In  many  respects  pregnancy  is 
It  to  an  organ  transplantation 
listocompatibility  barrier.  The  fact 
fetus  is  seldom  rejected  (aborted) 
in  part  at  least,  a  reflection  of  a 
:ion  of  the  mother's  immunological 


mechanisms  (6).  By  identifying  and  quanti- 
tating  B-  and  T-lymphocyte  subpopulations, 
which  are  thought  to  regulate  humoral  and 
cell-mediated  immunity,  the  present  investi- 
gation examined  the  hypothesis  that  such 
modification  may  result  from  changes  in  the 
absolute  pool  sizes  of  certain  lymphocyte 
subpopulations.  While  the  absolute  num- 
bers of  cells  with  receptors  for  sheep  red 
blood  cells  (SRBC)  and  for  complement 
were  similar  in  both  pregnant  and  nonpreg- 
nant females,  the  absolute  numbers  of  lym- 
phocytes with  receptors  for  aggregated  IgG 
(AggIgG)  were  significantly  reduced  in 
pregnant  females.  In  normal  subjects  these 
two  lymphocyte  subpopulations  represent 
two  discrete  but  partially  overlapping  sub- 
populations  of  the  B-series.  The  present 
findings  suggest  that  these  two  lymphocyte 
subpopulations  are  affected  to  different  de- 
grees by  pregnancy.  While  lymphocytes 
with  complement  receptors  appear  to  be  un- 
affected, those  with  receptors  for  AggIgG 
are  diminished.  These  findings  would  tend 
to  fortify  those  of  two  previously  published 
studies  in  which  surface  markers  of  periph- 
eral blood  lymphocytes  were  examined  dur- 
ing pregnancy.  While  Gergely  and  his  asso- 
ciates examined  surface  immunoglobulin 
(SIg)  and  receptors  for  SRBC  on  the  lym- 
phocytes of  pregnant  females.  Brain  et  al. 
examined  only  for  cells  with  SIg  (7,  8).  Both 


I.  Percents  and  Absolute  Numbers  of  Lymphocyte  Subpopulations  in  Peripheral  Blood  at 
9:00  A.M.  IN  Pregnant  and  Nonpregnant  Females'*. 


Nonpregnant  female 
controls 

Pregnant  females 

rmphocyte  count  (per  mm') 

2799  ±  213 
(23)* 

2444  ±  164 
(28) 

c 

21.9  ±  1.3 

13.1  ±  0.7^ 

AggIgG  Count  (per  mm') 

(23) 
614  ±  68 

(23) 
307  ±  28^ 

13.6  ±  1.4 

14.0  ±  0.9 

:RL  Count  (per  mm») 

(13) 
357  ±  42 

(15) 
338  ±  39 

70.7  ±  1.7 

77.0  ±  0.9' 

'  lymphocyte  Count 

(10) 
1727  ±  191 

(15) 
1900  ±  187 

values  expressed  as  mean  ±  standard  error, 
iber  of  subjects  tested  given  in  parentheses, 
iphocytes  with  receptors  for  aggregated  IgG. 
c  0.001). 

Iphocytes  with  receptors  for  complement. 
:  0.01). 
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groups  found  these  subpopulations  to  be  in 
normal  numbers. 

The  findings  here  are  compatible  with  the 
hypothesis  that  the  immunological  changes 
which  occur  during  pregnancy  may  be  me- 
diated, at  least  in  part,  by  one  or  more  of 
the  following  alterations  in  certain  lympho- 
cyte subpopulations:  (i)  A  decrease  in  the 
total  number  of  certain  subpopulations 
throughout  the  body;  (ii)  A  redistribution  of 
certain  subpopulations  from  peripheral 
blood  to  other  organs;  (iii)  Certain  subpop- 
ulations may  remain  in  the  peripheral  blood 
but  their  receptors  may  be  modified  so  that 
they  are  no  longer  detectable.  Changes  in 
pool  size  or  in  receptors  alone,  however, 
may  not  be  directly  related  to  changes  in  cell 
function.  Therefore,  to  know  the  true  signif- 
icance of  the  findings  here,  they  must  be 
correlated  with  studies  of  cell  function  di- 
rectly, i.e.,  antibody-dependent  cell-me- 
diated cytotoxicity  or  in  vitro  immunoglobu- 
lin synthesis  to  evaluate  the  functional  ca- 
pacity of  cells  with  receptors  for  AggIgG  (9- 

11). 

Since  the  blood  levels  of  the  steroid  sex 
hormones  (estrogen,  progesterone,  and  pos- 
sibly other  steroidal  hormones)  rise  in  preg- 
nancy, attempts  have  been  made  with  some 
success  by  many  investigators  to  reproduce 
the  immunologic  abnormalities  of  preg- 
nancy by  the  administration  of  these  hor- 
mones to  nonpregnant  subjects.  Whether 
the  changes  seen  in  lymphocyte  receptors 
during  pregnancy  can  be  reproduced  by  the 
administration  of  steroidal  sex  hormones  is 
presently  under  investigation  in  our  labora- 
tory. 

Summary.  Peripheral  blood  lymphocytes 
from  pregnant  and  nonpregnant  females 
were  studied  for  the  presence  of  the  follow- 
ing surface  receptors:  (i)  Receptor  for  heat- 
aggregated  human  IgG  (AggIgG);  (ii)  Re- 


ceptor(s)  for  complement  components;  (iii) 
Receptor  for  sheep  red  blood  cells  (SRBC). 
Absolute  numbers  of  lymphocytes  ^^ith 
receptors  for  complement  and  those  with 
receptors  for  SRBC  were  present  in  equal 
numbers  in  both  groups.  However,  in  the 
pregnant  females  there  was  a  significantly 
lower  number  of  lymphocytes  with  recep- 
tors for  AggIgG.  It  is  hypothesized  that 
some  of  the  immunological  changes  which 
occur  during  pregnancy  may  be  mediated 
partly  through  changes  in  the  total  numbers 
of  certain -lymphocyte  subpopulations. 

We  gratefully  acknowledge  the  assistance  of  Dr.  R. 
A.  Bashore  and  Dr.  W.  Nagata  in  obtaining  patients 
for  this  study. 
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glucagon-like  immunoreactivity 
s  released  after  large  enteric  loads  of 

(1-3),  fats  (5),  and  salts  (4)  and  it 
erally  been  assumed  that  its  function 
;d  to  the  disposal  of  these  absorbed 
ts.  Studies  of  its  distribution  in  the 
of  the  gastrointestinal  tract,  how- 
low  that  the  highest  concentrations 
nd  in  the  distal  portions  of  the  tract 
n  the  dog  (9)  and  the  cat^  the  release 

occurs  from  the  ileum  and  colon, 
Ively,  but  not  from  the  jejunum. 

seems  unlikely  that  a  hormone  in- 
primarily  with  nutrients  absorbed 
le  proximal  gut  would  be  secreted 
by  the  distal  gut,  it  was  decided  that 
investigation  of  the  role  of  the  distal 
e  in  GLI  secretion  was  merited.  The 
^  of  the  study  reported  here  was  to 
s  the  contribution  of  the  ileum  and 
)  glucose  stimulated  GLI  secretion  in 
common  laboratory  species,  the  rat. 
ods.  Thirty  rats  weighing  400-500  g 
udied  after  an  overnight  fast.  Anes- 
^as  induced  by  an  intraperitoneal  in- 
of  sodium  pentobarbital  (50  mg/kg). 
otomy  was  performed.  In  studies  in 
he  entire  gut  or  only  the  upper  gut 
t)e  stimulated,  a  ligature  was  placed 
the  pylorus  to  prevent  reflux  and  a 
icose  solution  was  instilled  over  a  5- 
riod   directly   into   the    duodenum 

a  25-gauge  needle.  The  volume  ad- 
'ed  was  adjusted  to  deliver  2  g  of 
^g  body  weight.  In  studies  in  which 
I  upper  gut  was  to  be  stimulated,  a 
was  also  placed  45  cm  proximal  to 
jm  (the  approximate  mid  point  of 
num-ileum)  and  a  drain  was  inserted 

orted  by  USPHS  Training  Grant  GM448  and 

hip  from  the  Juvenile  Diabetes  Foundation. 

ddress:  Division  of  Endocrinology  B-5,  Har- 

ral  Hospital,  1000  W  Carson  St,  Torrance, 

?. 

iblished  observations. 


on  the  proximal  side.  In  studies  in  which 
only  the  lower  gut  was  to  be  stimulated,  the 
preparation  was  the  same  as  for  upper  gut 
stimulation  except  that  the  glucose  was  in- 
stilled directly  into  the  ileum.  Blood  sam- 
ples were  collected  from  a  polyethylene  can- 
nula inserted  in  a  femoral  artery.  Samples 
were  collected  just  prior  to  and  at  30-min 
intervals  for  90  min  after  the  introduction  of 
glucose  into  the  gut  lumen.  After  immedi- 
ately removing  the  plasma  from  each  sam- 
ple, the  red  blood  cells  were  diluted  1 :2  with 
normal  saline  and  returned  to  the  rat 
through  a  polyethylene  cannula  in  a  femoral 
vein.  In  control  experiments  the  animal  was 
prepared  as  for  stimulation  of  the  entire  gut 
except  that  nothing  was  introduced  into  the 
lumen  during  sample  collection.  A  45-min 
period  was  allowed  to  pass  between  the  time 
all  cannulas,  drains,  and  ligatures  were 
placed  and  the  start  of  the  experiment.  The 
animaPs  body  temperature  was  maintained 
at  37-38**  with  the  aid  of  a  heating  pad. 

Blood  samples  of  1  ml  volume  for  GLI 
determination  were  collected  by  syringe  and 
placed  into  chilled  10  x  75-mm  glass  tubes 
containing  0.05  ml  of  Trasylol  (FBA  Phar- 
maceuticals, New  York,  New  York)  and 
0.01  ml  of  sodium  heparin  (50  units).  The 
samples  were  centrifuged  immediately  at  4**. 
The  resulting  plasma  was  stored  at  -20** 
until  analyzed. 

Acid-ethanol  extracts  of  whole  gut  wall 
for  assay  of  GLI  were  prepared  from  pooled 
tissues  of  four  unfasted  rats.  Segments  of 
midduodenum,  midjejunum,  midileum, 
midcolon,  and  pancreas  were  excised  imme- 
diately after  each  rat  was  killed  by  decapita- 
tion. The  tissues  were  rinsed  in  cold  normal 
saline,  blotted  lightly  and  stored  at  -20** 
until  extracted  and  purified  by  the  method 
of  Kenny  (10). 

The  GLI  concentration  of  samples  of 
plasma  or  intestinal  extracts  was  measured 
by  radioimmunoassay  (11)  using  a  nonspe- 
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cific  glucagon  antiserum  raised  in  rabbits 
against  beef-pork  glucagon  coupled  to  poly- 
vinylpyrrolidone (12).  Free  glucagon  was 
separated  from  antibody-bound  glucagon 
with  dextran  coated  charcoal  (13).  Beef- 
pork  recrystallized  glucagon  (a  gift  of  Dr. 
Mary  Root,  The  Lilly  Research  Laborato- 
ries, Indianapolis,  Indiana)  was  used  for 
standards  and  for  preparation  of 
[*^I]glucagon  by  the  chloramine  T  method 
of  Greenwood  and  Hunter  (14).  In  this  as- 
say system  dilution  of  gut  extracts  and  dilu- 
tion of  pancreatic  glucagon  gave  parallel  in- 
hibition curves;  dilution  of  serum,  however, 
did  not.  Therefore,  all  serum  samples  were 
assayed  at  the  same  dilution  (1:6). 

The  statistical  significance  of  GLI  re- 
sponses to  glucose  stimulation  was  deter- 
mined by  Student's  t  test  applied  to  the 
difference  between  the  response  of  an  ex- 
perimental group  and  that  of  the  control 
^roup  or  another  experimental  group  at  des- 
ignated times  after  the  introduction  of  glu- 
cose .  Until  purified  gut  GLI  is  available  for 
use  in  the  radioimmunoassay,  immunoas- 
says of  gut  GLI  using  pancreatic  glucagon  as 
standard  are  useful  only  for  revealing  rela- 
tive GLI  levels,  not  absolute  concentra- 
tions. Therefore,  GLI  responses  here  are 
expressed  as  percent  of  each  animaFs  basal 
GLI  concentration.  The  mean  (±SEM) 
basal  GLI  concentration  for  all  experiments 
was  608  ±  39  pg/ml. 

Results.  The  concentrations  of  GLI  in  tis- 
sues of  the  gastrointestinal  tract  of  the  rat 
are  shown  in  Table  I.  The  lowest  concentra- 
tion was  14.4  ng/g  wet  weight  in  the  duo- 
denum. The  jejunum  had  77.6  ng/g.  The 
highest  gut  concentrations  were  in  the 
ileum,  213  ng/g,  and  the  colon,  190  ng/g. 
The  pancreas  contained  798  ng/g. 

The  peripheral  plasma  GLI  responses  to 
the  intraduodenal  administration  of  20% 
glucose,  2  g/kg,  are  shown  in  Fig.  1.  When 
the  entire  gut  was  exposed  to  glucose, 
plasma  GLI  increased  to  a  mean  of  173%  of 
basal  at  30  min  after  glucose  introduction, 
and  remained  elevated  for  the  duration  of 
the  experiment.  The  response  was  statisti- 
cally significant  at  all  times  tested  (p  <  0.05 
at  30  min,p  <  0.02  at  60  min,p  <  0.005  at 
90  min).  When,  however,  the  ileum  and 
colon  were  excluded  from  contact  with  the 


glucose  solution  by  a  ligature  and  a  drain 
placed  at  the  midjejunum-ileum,  peripheral 
plasma  GLI  increased  to  a  mean  of  only 
138%  of  basal  at  30  min,  remained  at  this 
level  at  60  min,  and  then  decreased  slightly 
to  130%  of  basal  at  90  min.  The  GLI  re- 
sponse was  still,  however,  significantly  dif- 
ferent from  the  control  group  at  all  times 
tested  (p  <  0.025  at  30  min^p  <  0.05  at  60 
min,  andp  <  0.02  at  90  min). 

Since  it  appeared  that  over  half  of  the 
GLI  rise  seen  after  intraduodenal  glucose 
resulted  from  stimulation  of  the  distal  gut, 
the  effect  of  intraluminal  glucose  in  only  the 
distal  gut  was  examined.  These  results  are 
shown  in  Fig.  2.  Following  the  introduction 
into  the  ileum  of  20%  glucose,  2  g/kg,  the 
peripheral  plasma  GLI  concentration  in- 
creased to  a  maximum  of  163%  of  basal  at 
60  min.  The  response  was  statistically  signif- 
icant at  all  times  tested  (p  <  0.05  at  30, p  < 
0.01  at  60,  andp  <  0.01  at  90  min).  The 
GLI  response  to  glucose  in  only  the  upper 
gut  shown  in  Fig.  1  is  repeated  in  Fig.  2  to 
facilitate  comparison  with  the  response  to 

TABLE  I.  Concentration  of  GLI  in 
Gastrointestinal  Tissues  of  the  Rat.* 


Tissue 

duodenum 

14.4 

jejunum 

77.6 

ileum 

213 

colon 

190 

pancreas 

798 

"  Each  sample  analyzed  was  an  acid  ethanol  eitrad 
of  1  g  of  tissue  obtained  by  pooling  0.25  g  pieces  of 
tissue  from  four  rats.  Mean  of  four  determinatioos  on 
each  sample. 


Fig.  1 .  Mean  responses  of  peripheral  plasma  GU 
concentrations,  expressed  as  percent  of  basal  concen- 
tration, to  no  stimulation  (control,  N  —  4),  to  stimub- 
tion  of  only  the  upper  gut  (N  —  10),  and  to  stimulatioii 
of  the  entire  gut  (N  =  8)  by  the  intraduodenal  instilla- 
tion of  2  g/kg  body  weight  of  20%  glucose.  The  vertical 
lines  indicate  1  SEM. 
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Fig.  2.  Mean  responses  of  peripheral  plasma  GLI 
concentration,  expressed  as  percent  of  basal  concentra- 
tion, to  stimulation  of  only  the  upper  gut  (N  ="  10)  and 
only  the  lower  gut  (N  =  8)  by  the  intraluminal  instilla- 
tion of  2  g/kg  body  weight  of  20%  glucose.  The  vertical 
lines  indicate  1  SEM. 


glucose  in  only  the  lower  gut.  Glucose  in  the 
lower  bowel  resulted  in  a  slightly  greater 
GLI  release  at  60  and  90  min  than  did 
glucose  in  the  upper  bowel  but  the  differ- 
ence was  not  statistically  significant. 

Discussion,  This  study  shows  that  GLI  is 
present  throughout  the  intestinal  tract  of  the 
rat  with  the  highest  concentrations  occur- 
ring in  the  distal  portion  of  it.  A  similar 
distribution  has  been  reported  by  Unger  et 
al.  (IS)  and  Schopman  et  al,  (8)  in  man,  by 
Buchanan  et  al.  (17)  in  the  dog,  by  Bloom 
and  Bryant  (7)  in  the  rat  and  baboon,  and 
by  Bataille  et  al,  (16)  in  the  pig.  Immunoflu- 
orescent  staining  techniques  show  that  en- 
teroglucagon  producing  cells  exist  primarily 
in  the  ileum  of  man  (6)  although  the  colon 
was  not  examined  in  this  study.  The  rat, 
therefore,  seems  to  be  a  typical  species  with 
reference  to  its  pattern  of  distribution  of 
GLI  in  tissue. 

This  study  further  shows  that  in  the  rat,  as 
in  man  (1,  2)  and  the  dog  (3,  17),  enteric 
glucose  stimulates  the  secretion  of  GLI  in 
vivo.  This  finding  supports  the  results  of 
Luyckx  and  Lefebvre  (18)  who  found 
release  of  GLI  from  rat  jejunum  incubated 
with  20%  glucose  in  vitro,  Zandomeneghi 
and  Buchanan  (19)  also  demonstrated  GLI 
release  from  rat  small  intestine  incubated 
with  glucose  solutions  in  vitro.  The  results 
reported  here  indicate  that  both  the  proxi- 
mal and  distal  intestine  are  involved  in  glu- 
cose stimulated  GLI  secretion,  with  each 
contributing  approximately  equal  portions 
of  the  total  response  when  large  glucose 
loads  are  introduced  into  the  duodenum. 


When  glucose  was  placed  directly  into  the 
ileum  so  that  only  the  ileum  and  colon  were 
exposed  to  it  the  observed  GLI  response 
was  essentially  the  same  as  that  seen  when 
only  the  duodenum  and  jejunum  were  stim- 
ulated by  intraluminal  glucose.  The  distal 
and  proximal  gut  of  the  rat  therefore  release 
equal  amounts  of  GLI  when  both  are  ex- 
posed to  the  same  glucose  load.  This  obser- 
vation is  somewhat  surprising  in  view  of  the 
fact  that  greater  concentrations  of  GLI  are 
extracted  from  the  ileum  and  colon  than 
from  the  duodenum  or  jejunum.  Matsu- 
yama  and  Foa  (9)  have  shown  that,  in  the 
dog,  stimulation  of  ileal  loops  with  5%  glu- 
cose solutions  elicited  a  marked  rise  in  GLI 
in  the  venous  effluent  of  the  loop,  whereas 
identical  stimulation  of  jejunal  loops  pro- 
duced no  significant  change  in  GLI  concen- 
tration. In  the  cat  it  has  been  shown  that  the 
colon  secretes  GLI  in  response  to  intralumi- 
nal glucose  but  the  jejunum  and  ilem  do 
not  .2 

In  three  different  species,  therefore,  GLI 
secretion  from  the  distal  intestinal  tract 
equals  or  exceeds  that  from  the  proximal 
tract  when  both  parts  are  equivalently  stim- 
ulated. If  a  similar  situation  exists  in  man,  it 
could  explain  the  hypersecretion  of  gut  GLI 
following  oral  glucose  reported  in  gastrec- 
tomized  persons  (20-22).  It  could  also  ex- 
plain the  excessive  GLI  responses  to  alimen- 
tary glucose  described  in  patients  with 
dumping  syndrome  (23,  24).  In  both  types 
of  subjects  a  larger  portion  of  an  ingested 
glucose  load  would  be  expected  to  reach  the 
distal  intestine  than  would  reach  it  in  normal 
persons.  Bloom  (25)  in  fact  has  hypothe- 
sized that  gut  GLI  release  from  the  ileum 
may  explain  the  period  of  hypomotility 
which  follows  the  initial  rapid  transport  of 
substances  through  the  small  bowel  in  sub- 
jects with  dumping  syndrome.  That  gut  GLI 
may  cause  hypomotility  was  suggested  by 
the  pronounced  stasis  of  the  large  and  small 
bowel  seen  in  a  patient  with  an  enterogluca- 
gon  secreting  tumor  (26,  27).  The  stasis 
remitted  when  the  tumor  was  removed.  The 
physiological  role  of  gut  GLI  is  purely  spec- 
ulative at  this  point.  GLI's  presence  in  and 
secretion  from  the  distal  gut,  however,  are 
factors  which  should  be  considered  in  future 
research  on  this  problem. 
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Summary,  Radioimmunoassay  of  acid 
ethanol  extracts  of  the  rat  intestinal  tract 
showed  the  presence  of  glucagon-like  immu- 
noreactivity  (GLI)  from  the  duodenum  to 
the  colon  with  maximal  concentrations  in 
the  ileum  and  colon.  Twenty  percent  glu- 
cose instilled  in  the  duodenum  at  a  dose  of  2 
g/kg  body  weight  stimulated  a  twofold  in- 
crease in  peripheral  plasma  GLI  concentra- 
tion. When  the  instilled  glucose  load  was 
restricted  to  only  the  duodenum  and  je- 
junum, or  to  only  the  ileum  and  colon,  the 
increase  in  peripheral  plasma  GLI  was  ap- 
proximately half  that  seen  when  the  entire 
gut  was  exposed  to  the  glucose.  It  is  con- 
cluded that  the  distal  gut  as  well  as  the 
proximal  gut  releases  GLI  in  the  rat. 

The  author  thanks  Drs.  M.  I.  Grossman,  J.  H. 
Walsh  and  M.  A.  Sperling  for  advice,  Mr.  John  Lee 
and  Ms.  Sandra  Voina  for  technical  assistance  and  Mrs. 
Ruth  Abercrombie  for  secretarial  assistance . 
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snt  years,  considerable  effort  has 
cted  toward  understanding  the  role 
acids  in  membrane  functions  (1). 
le-bound  hormone  receptors,  for 
the  prolactin  receptor  molecule, 
n  reported  to  contain  a  phospho- 
tion  (2).  Changes  in  fatty  acid  com- 
nay  alter  the  structural  integrity  of 
le,  and  possibly  also  affect  the 
ictivity  of  membrane-bound  recep- 
of  hormones.  These  changes  may 
lify  the  transport  of  critical  nutri- 
le  the  cell,  thereby  promoting  the 
ition  of  a  neoplastic  state  (3).  Re- 
m  our  laboratory  (4)  and  from 
)  showed  that  acyl  group  composi- 
dividual  phospholipids  in  subcellu- 
ions  of  human  brain  tumors  ex- 
pattern  different  from  the  corre- 
fractions  of  normal  brain  tissues, 
aring  hepatomas  with  host  liver  tis- 
er  investigators  (6,7),  also  demon- 
langes  in  the  acyl  group  patterns  of 
The  present  investigation  was  un- 
to see  whether  similar  changes 
IT  in  mammary  tumors  of  rats  in- 
f  DMBA  as  compared  to  normal 
sues.  Since  DMBA- tumors  are  es- 
rolactin  dependent  (8),  it  may  be 
to  establish  a  relationship  between 
lonal  effect  on  tumor  growth  and 
in  composition  of  phospholipids  in 
lors. 

lis  and  Methods.  Induction  of  tu- 
mors were  induced  in  50-day-old 
Dawley  rats  (Holtzman  Co.,  Madi- 
.)  by  a  single  intragastric  feeding  of 

nations  used:  Diacyl-GPC,  diacyl-glycero 
:holine;  diacyl-GPE,  diacyl-glycerophos- 
lolamine;  diacyl-GPI,  diacyl-glycerophos- 
tol;  diacyl-GPS,  diacyl-glycerophosphoryl- 
thin-layer  chromatography;  glc,  gas-liquid 
aphy;    DMBA,    7,12-dimethylbenz(a)an- 


16  mg  of  DMBA  (Sigma  Chemical  Co.,  St 
Louis,  Mo.),  suspended  in  sesame  oil.  In 
about  6  weeks,  tumors  began  to  develop. 
The  presence  of  estrogen  receptors,  which  is 
a  characteristic  of  estrogen-dependent  tis- 
sues (9,  10),  was  detected  in  all  the  tumors 
in  this  study.  These  tumors  were  also  identi- 
fied histologically  as  adenocarcinoma.  Por- 
tions of  the  tumors  were  frozen  for  lipid 
analysis.  Breast  tissues  were  isolated  from 
tumor-bearing  rats  either  contralaterally  to 
the  tumors  or,  if  ipsilaterally,  at  a  remote 
distance  from  the  tumors. 

After  the  connective  tissues,  skin  or  visi- 
ble necrotic  areas  were  removed,  and  the 
tumors  or  normal  breast  tissues  were 
weighed  and  minced  with  scissors.  A  4-vol 
to  tumor-weight  of  Tris-EDTA  buffer  (10 
mAf  Tris  and  1 .5  mAf  EDTA,  pH  7.5)  was 
added.  The  suspension  was  homogenized 
with  a  polytron  PT-10  tissue  disintegrator 
(Brinkmann  Instrument,  Westbury,  N.Y.) 
for  two  15-sec  periods  with  a  30-sec  cooling 
interval.  The  resulting  homogenate  was  cen- 
trifuged  for  15  min  at  3500g  to  remove 
cellular  debris  and  red  blood  cells.  The  su- 
pernatant solution  was  used  for  the  extrac- 
tion of  lipids. 

Analysis  of  membrane  lipids.  Tissue  lipids 
were  extracted  with  chloroform-methanol, 
2:1  (v/v)  (11).  Neutral  glycerides  were  sepa- 
rated from  phosphoglycerides  by  Unisil  col- 
umn elution  (12).  Neutral  glycerides  and 
other  nonpolar  lipid  materials  were  eluted 
by  passing  50  ml  of  chloroform  through  a 
column  packed  with  2  g  of  Unisil.  Phospho- 
lipids and  other  polar  lipids  were  eluted  with 
100  ml  of  methanol.  Individual  neutral  glyc- 
erides and  phosphoglycerides  were  further 
separated  by  tic.  The  thin-layer  plates  were 
prepared  with  Silica  gel  G  suspended  in 
0.01  M  Na2C03  (Brinkmann  Instruments, 
Westbury,  N.Y.).  Triglycerides  were  sepa- 
rated by  one-dimensional  tic,  using  hex- 
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aneidiethyl  ether:  15  N  ammonium  hydrox- 
ide 70:30:0.1  (v/v)  as  solvent  for  developh 
ment.  Phospholipids  were  subjected  to  seph 
aration-reaction-separation  by  tic  as  de- 
scribed by  Horrocks  and  Sun  (11),  except 
that  the  solvent  system  for  the  second  di- 
mension was  modified  (13).  After  solvent 
development,  lipid  spots  were  visualized  by 
exposing  the  thin-layer  plates  to  iodine  va- 
por, as  in  the  case  to  be  used  for  phosphorus 
assay.  When  the  lipid  spots  were  required 
for  fatty  acid  analysis,  the  thin-layer  plates 
were  sprayed  with  ethanolic  2',7'-dichloro- 
fluorescein.  Individual  lipid  spots  were 
scraped  into  test  tubes  and  the  amount  of 
lipid-phosphorus  was  determined  according 
to  Gottfried  (14).  For  the  analysis  of  acyl 
group  composition  of  the  phospholipids  and 
triglycerides,  lipids  were  subjected  to  alka- 
line methanolysis  (15).  Methyl  esters  of 
fatty  acid  were  analyzed  by  a  gas  chromato- 
graph  fitted  with  a  digital  integrator  (Hew- 
lett Packard).  Repeated  analyses  of  the 
same  sample  showed  good  reproducibility  to 
within  5%  variation  of  the  peak  area. 

Results.  Compositions  of  phospholipids  in 
breast  tissues  and  tumors  from  DMBA- 
treated  animals  are  shown  in  Fig.  1.  Ap- 
proximately 40%  of  the  phospholipids  of 
the  control  breast  tissues  were  diacyl-GPC. 
Sphingomyelin,  alkenylacyl-GPE  and  dia- 
cyl-GPE  each  constituting  about  10  to  20% . 
Cardiolipins  were  present  in  breast  tissue 
and  tumors  in  small  amounts  (2-5%)  but 
were  not  analyzed  because  the  lipid  spot  was 
not  completely  separated  from  the  free  fatty 
acid  spot  in  the  thin-layer  system.  In  the 
DMBA-tumors  there  was  an  increase  in  the 
proportion  of  alkenylacyl-GPE,  diacyl- 
GPE,  and  diacyl-GPI  and  a  decrease  in  the 
proportion  of  diacyl-GPC  as  compared  to 
controls.  A  small  proportion  of  monoacyl- 
GPC  was  also  present  in  some  breast  tissues 
and  tumors,  but  there  was  no  apparent  al- 
teration in  the  proportion  of  this  phospho- 
glyceride  in  the  tumor  tissue.  The  value  of 
the  ratio  diacyl-GPE/diacyl-GPC  of  tumors 
was  about  two  times  higher  than  that  of  the 
normal  breast  tissues. 

Phosphoglycerides  of  breast  tissues  and 
tumors  were  characterized  by  their  distinct 
patterns  of  fatty  acids  (Fig.  2).  Acyl  groups 
of  diacyl-GPC  were  high  in  16:1  and  18:1; 
diacyl-GPE  in  18:0,  18:1,  and  20:4;  diacyl- 
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Fig.  1 ..  Membrane  phospholipid  composition  of 
DMBA-tumor  and  mammary  tissues.  Methods  of 
membrane  preparation  and  quantitation  of  phospholip- 
ids were  described  in  the  text.  Values  (mean  ±  SD)  are 
expressed  as  percentages  of  total  lipid  phosphorus  con- 
tent. Ten  tumor  samples  and  five  mammary  glands  of 
the  same  tumor-bearing  animals  were  analyzed,  respec- 
tively. Only  four  tumors  have  measurable  LPC  frac- 
tions. Abbreviations:  Sph,  sphingomyelin;  dGPI,  dia- 
cyl-GPI, dOPS,  diacyl-GPS;  aGPC,  alkenylacyl-GPC; 
dGPC,  diacyl-GPC;  aGPE,  alkenylacyl-GPE;  dCPE. 
diacyl-GPE.  LPC,  monoacyl-GPC;  •  and  t  show  statis- 
tical significance  of  p  <  0.001  and  0.005,  respectively, 
by  the  student's  /  test  (tumor  vs  control). 

GPI  in  18:0  and  20:4;  and  diacyl-GPS  in 
18:0  and  18:1.  In  contrast,  acyl  groups  of 
alkenylacyl-GPE  contained  mainly  20:4. 
Acyl  group  composition  of  phosphoglycer- 
ides in  adenocarcinoma  had  a  higher  pro- 
portion of  18:1,  and  a  lower  proportion  of 
18:2  than  breast  tissues.  Moreover,  an  in- 
crease in  the  proportion  of  16:0  was  also 
observed  in  some  phosphoglycerides  of  tu- 
mors. There  was  no  apparent  change  in  the 
proportion  of  20:4  (n-6)  among  other  phos- 
phoglycerides (Fig.  2A-C)  except  for  a 
slight  decrease  of  20:4  (n-6)  in  diacyl-GPI 
in  tumors  (Fig.  2D).  Although  quantitative 
changes  in  fatty  acids  were  demonstrated, 
each  individual  phospholipid  in  tumor  tissue 
appeared  to  maintain  the  same  distinct  ac)i 
group  profile  as  in  normal  tissue . 

About  60%  of  the  fatty  acids  of  alkenyla- 
cyl-GPE was  20:4  (n-6),  but  the  proportion 
of  this  fatty  acid  was  not  altered  in  the  neo- 
plastic tissue  (Fig.  3A).  Consequently,  acyl 
group  composition  of  alkenylacyl-GPE  in 
tumors  remained  essentially  the  same  as  in 
breast  tissues.  Triglycerides  of  breast  tissues 
and  tumors  were  high  in  16:0,  18:1,  and 
18:2  fatty  acids  (Fig.  3B).  In  contrast  to 
phosphoglycerides,  there  was  no  remarka- 
ble variation  in  acyl  group  pattern  of  triglyc- 
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ACYL  GROUPS  OF  TRI/ICYLfiLYCEROLS 
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Fig.  3.  The  acyl  group  compositions  of  alkenylacyl-GPE  (A)  and  of  triglycerides  (B)  in  tumors  and  breast 
tissues.  See  Fig.  2  for  details. 


erides  between  breast  and  tumor  tissues. 

When  the  relative  amounts  of  20:4  to 
18:2  of  the  various  phosphoglycerides  for 
breast  and  tumor  tissues  were  evaluated 
(Table  I),  an  elevation  of  the  ratio  of  phos- 
phoglycerides for  tumors  was  observed.  The 
increase  in  ratio  was  accounted  for  largely 
by  the  decrease  in  the  proportion  of  18:2  in 
tumors. 


Analyses  of  phospholipids  and  fatty  acids 
were  also  performed  with  normal  breast  tis- 
sues obtained  from  rats  without  DMBA 
treatment  and  at  various  periods  during 
pregnancy  and  lactation  (16).  These  studies 
showed  changes  in  phospholipid  and  acyl 
group  compositions  in  breast  tissue  during 
different  physiological  states.  However,  the 
lipid   composition   between    breast   tissue 
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JE  I.  Ratio  of  20:4/18:2  in  Breast  Tissues 
ND  Tumors  of  DMBA  Treated  Rats.^ 

dGPI  aGPE  dGPC  dGPE  dGPS 

tissue        7.6       19.9        0.8         2.8        1.3 


-tumor     9.8      47.8        2.2         5.8 


5.1 


tio  of  20:4/18:2  was  calculated  from  the  fatty 
ntent  of  each  individual  phospholipids  as  shown 
2  and  3. 


normal  rats  and  from  DMBA-treated 
vas  similar.  Hence,  breast  tissue  of 
A-treated  animals  was  selected  as  con- 
ssue  for  comparison. 
cussion.  Changes  in  phospholipids 
>e  a  common  abnormality  of  cellular 
»ranes  in  transformed  cells  (17).  Dif- 
:es  in  composition  of  phospholipids 
en  DMBA-tumors  and  control  breast 
s  were  demonstrated  in  the  present 
.  Tumor  tissue  had  a  decrease  in  dia- 
PC  and  an  increase  in  diacyl-GPE,  al- 
acyl-GPE  and,  diacyl-GPI.  Since  com- 
»ns  were  made  on  pieces  of  normal  and 
'  tissues  and  not  on  specific  cell  types, 
ossible  that  the  normal  and  neoplastic 

samples  contained  different  propor- 
of  blood  and  connective  tissue.  There- 
some  of  the  observed  changes  could 
t  tissue  compositional  differences 
'  than  those  due  to  mammary  tumors, 
.  However,  histological  examinations 
revealed  that  the  tumor  specimens 
composed  primarily  of  adenocarci- 

cells,  suggesting  phospholipid  and 
acid  changes  were  due  to  the  cancer 

Ferences  in  acyl  group  profiles  of  indi- 
phospholipids  between  DMBA-tu- 
and  breast  tissues  were  demonstrated 
>  study.  Although  both  tissue  and  tu- 
;x)ntained  a  high  proportion  of  triglyc- 
,  fatty  acid  changes  in  tumors  were 
specific  for  phospholipids  than  for  tri- 
ides.  The  most  marked  change  was 
crease  in  the  proportion  of  18:2  in  the 
hoglycerides  of  tumor.  Since  18:2  is 
lential  fatty  acid  which  is  supplied  ex- 
usly  to  the  cells  rather  than  synthe- 
t)y  the  cells,  reduction  of  18:2  in  phos- 
lids  may  reflect  a  decrease  in  the  utili- 
of  this  fatty  acid  as  a  structural  com- 
t  for  cellular  membrane.  In  the  pres- 
periment,  the  decrease  in  the  propor- 


tion of  18:2  was  compensated  largely  by  the 
increase  of  18:1 .  This  condition  was  similar 
to  that  observed  during  chronic  deficiency 
of  essential  fatty  acid  (18),  except  that  the 
characteristic  increase  of  20:3  (n-9)  in  tis- 
sues was  not  noted  in  breast  tumors.  Possi- 
bly there  was  an  inadequate  supply  of  the 
nutrient  fatty  acids  in  tumor  cells,  resulting 
in  changes  similar  to  that  of  a  localized  defi- 
ciency of  essential  fatty  acid. 

Changes  in  acyl  group  composition  of 
phosphoglycerides  have  been  reported  for  a 
number  of  hepatomas  in  comparison  to  fatty 
acid  composition  of  the  respective  normal 
tissues  (6,  7).  In  most  tumors  examined, 
there  was  an  increase  in  the  proportion  of 
18:1  in  the  major  phosphoglycerides  but  a 
decrease  of  18:2  was  reported  only  in  Mor- 
ris Hepatoma  (5123C)  (7).  In  general,  a 
decrease  in  the  proportion  of  20:4  (n-6)  was 
also  noted  in  these  tumors.  Brain  tumors 
have  been  reported  to  exhibit  an  increase  in 
20:4  (n-6)  and  a  decrease  in  22:6  (n-3) 
when  compared  to  normal  brain  tissues  (4). 
The  cause  for  acyl  group  changes  among 
different  tumors  is  not  known.  However, 
these  changes  may  be  related  to  many  cellu- 
lar abnormalities  since  the  acyl  groups  of 
phosphoglycerides  are  not  only  structural 
ingredients  of  membranes  but  are  also  im- 
portant in  regulating  different  cellular  func- 
tions. 

The  turnover  of  18:2  with  respect  to  its 
conversion  to  20:4  may  have  been  altered 
during  neoplastic  transformation.  Since 
20:4  (/i-6)  is  a  precursor  for  the  biosynthesis 
of  prostaglandins  Fj  and  E2  (19),  the  de- 
crease of  18:2  and  20:4  in  diacyl-GPI  of 
tumor  might  reflect  a  more  rapid  biosyn- 
thesis of  prostaglandin.  Indeed,  Tan  et  al. 
(20)  have  recently  demonstrated  a  higher 
concentration  of  prostaglandin  E2  and  a  rel- 
atively more  rapid  conversion  of  labeled  ar- 
achidonic  acid  to  prostaglandin  in  DMBA- 
tumors  than  in  normal  breast  tissue. 

In  conclusion,  characteristic  phospholipid 
profiles  and  their  side  chain  fatty  acids  in 
breast  tissues  were  altered  in  neoplasm. 
Changes  in  fatty  acid  composition  were  sim- 
ilar among  phospholipids.  There  was  no  ap- 
parent change  in  fatty  acids  in  triglycerides. 
It  is  suggested  that  an  altered  rate  of  metab- 
olism of  the  essential  fatty  acid,  18:2,  may 
have  occurred  in  tumors.  Modifications  of 
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phospholipids  in  the  membrane  could,  in 
turn,  contribute  to  abnormal  functions  or 
differentiation  of  cells. 

Summary.  Phospholipids  and  their  acyl 
group  composition  in  mammary  adenocar- 
cinomas and  mammary  tissue  of  the  same 
tumor-bearing  animals  were  investigated. 
Breast  adenocarcinoma  induced  by  dimeth- 
ylbenz(a)anthracene  exhibited  a  phospho- 
lipid pattern  which  was  different  from  that 
of  the  mammary  tissue.  Tumor  phospholip- 
ids had  higher  proportions  of  diacyl-GPI, 
diacyl-GPE,  and  alkenylacyl-GPE  and  a 
lower  proportion  of  diacyl-GPC  than  the 
controls.  The  acyl  groups  of  most  phospho- 
lipids in  tumors  showed  a  marked  increase 
in  the  proportion  of  18:1  and  a  decrease  in 
the  proportion  of  18:2.  The  fatty  acid  com- 
position of  plasmalogen  and  triglyceride, 
however,  remained  unchanged.  In  spite  of 
the  decrease  in  the  proportion  of  18:2,  there 
was  no  apparent  difference  in  the  propor- 
tion of  20:4  in  most  of  the  phosphoglycer- 
ides;  however,  a  significant  decrease  in  this 
fatty  acid  was  noted  in  diacyl-GPI.  Results 
of  this  study  demonstrated  that  the  mem- 
brane phospholipids  of  mammary  adenocar- 
cinoma were  altered  in  respect  to  acyl  group 
composition.  Changes  in  physical  properties 
of  the  cell  membrane,  in  turn,  could  lead  to 
abnormal  manifestation  of  membrane  regu- 
lated events  in  tumor  cells. 
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s  remarkable  hydrogen  isotope,  deute- 
3xide,  constitutes  one  part  in  5000  of 
Unary  water  no  matter  where  found  in 
orld.  How  and  when  it  ever  became 
^orated  in  ordinary  water  is  not  defi- 
known.  But  it  has  been  assumed  that 
ater  first  appeared  at  the  time  of  the 
"Bang"  of  the  universe  (1). 
tmically,  deuterium  differs  from  hy- 
n  in  that  it  has  a  mass  of  two.  Physi- 
heavy  water  differs  from  ordinary  wa- 
a  number  of  properties;  for  instance, 
ling  to  Thompson  (2)  it  is  denser;  it 
s,  melts,  and  boils  at  higher  tempera- 
it  is  more  viscous;  it  is  a  poorer  sol- 
It  looks,  however,  exactly  like  ordi- 
vater. 

the  present  experiments  rats  were 
a  choice  of  distilled  water  and  heavy 
(99.8%)  to  determine  whether  they 
lize  a  difference  between  them,  and  if 
1  what  basis — taste,  smell,  or  other 
:teristics? 

hod.  Cages  used  for  these  experi- 
were  made  of  1-cm  wire  mesh  19  x 
25  cm  (3).  Graduated  inverted  100-ml 
s  fitted  into  holes  placed  at  symmetri- 
sitions  at  either  side  on  the  front  of  the 
Food  was  available  ad  lib.^ 
eliminate  differences  in  temperature, 
es  of  distilled  water  and  heavy  water 
cept  at  room  temperature  at  all  times. 
rats  drink  heavy  water  (99.8%)  as 
as  distilled  water?  For  this  control  ex- 
ent  only  one  bottle  was  used.  For  15- 
ys  this  bottle  was  filled  with  distilled 
.  Records  were  made  daily  of  the  in- 

rried  out  under  grants  from  the  National  Insti- 
Mental  Health  (MH00576-22)  and  National 
Foundation  (GB-23367);  presented  in  part  at  a 

'  at  the  Department  of  Psychology  at  Princeton, 

reey,  February  28,  1973. 

iham  flour,  72.5%;  skimmed  milk  powder, 

.  casein,  10.0%;  butter,  5.0%;  calcium  carbon- 

i%;  sodium  chloride,  1.0%. 


take.  When  the  intake  had  reached  a  fairly 
constant  level,  heavy  water  (99.8%)  re- 
placed distilled  water  and  daily  records  were 
made  as  before. 

Eighteen  rats  were  used. 

Results.  In  Fig.  lA  for  a  rat,  ordinates 
show  fluid  intake  in  milliliters;  abscissas 
show  time  in  days.  Intake  of  distilled  water 
was  measured  for  22  days.  During  the  last 
10  days  the  intake  averaged  27  ml.  Then 
heavy  water  replaced  distilled  water.  On  the 
first  day  the  rat  drank  the  heavy  water  just 
as  freely  as  it  had  the  distilled  water.  From 
then  on  it  drank  progressively  less  each  day 
until  its  death  on  the  twelfth  day.  Figure  IB 
shows  the  record  of  a  rat  that  on  the  first  day 
drank  more  heavy  water  than  it  had  previ- 
ously been  drinking  distilled  water.  It  drank 
progressively  less  each  day  and  died  on  the 
seventh  day.  The  16  other  rats  gave  similar 
records.  The  18  rats  lived  an  average  of 
14.0  days  on  heavy  water.  On  first  exposure 
the  rats  certainly  did  not  show  any  aversion 
to  heavy  water. 

To  determine  whether  rats  can  tell  the  dif- 
ference between  heavy  water  and  distilled  wa- 
ter and  at  what  concentration.  For  this  exper- 
iment I  used  the  "preference  threshold" 
technique  which  had  been  widely  used  in  the 
study  of  reactions  of  rats  to  various  nutritive 
substances  (sodium  chloride  (3),  five  com- 
mon sugars  (4),  alcohol  (5))  and  toxic  sub- 
stances (arsenic  trioxide  (6),  phenylthiocar- 
bamide  (7),  thallium  sulfate  (6)).  In  all  in- 
stances, this  technique  gave  sharply  defined 
recognition  thresholds. 

For  this  technique  the  afore  mentioned 
rectangular  cage  held  two  graduated  in- 
verted 100-ml  bottles  (made  as  nearly  iden- 
tical as  possible),  one  at  each  side  in  sym- 
metrical positions.  These  two  bottles  were 
filled  with  distilled  water  each  day  until  the 
intake  from  each  one  had  reached  a  fairly 
constant  level.  In  most  instances  a  rat  con- 
sistently drinks  more  from  one  bottle  than 
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Fig.  1 .  Daily  intake  of  distilled  water  for  two  rats;  then  restriction  of  intake  to  heavy  water  (99.8%). 


the  Other.  Then  a  subliminal  concentration 
of  a  solution  of  the  substance  to  be  tested,  if 
nutritive  is  placed  in  the  bottle  from  which 
the  rat  had  been  drinking  the  smaller 
amounts,  and  if  toxic  in  the  bottle  with  the 
higher  intake  of  distilled  water.  In  either 
instance,  concentrations  of  solution  are  in- 
creased by  small  steps  at  regular  intervals 
(usually  one  day)  until  the  intake  levels  defi- 
nitely show  that  the  rat  has  recognized  pres- 
ence of  the  test  substance. 

For  all  the  many  substances  tested  this 
technique  gave  clear-cut  consistent  results, 
with  only  narrow  margins  of  individual  dif- 
ferences. 

For  the  present  experiment  (undertaken 
in  1970  at  once  after  discovering  that  rats  do 
not  survive  on  heavy  water)  heavy  water  in  a 
5%  concentration  was  placed  in  the  bottle 
from  which  the  rat  had  been  drinking  the 
larger  amounts  of  distilled  water.  Then,  ev- 
ery other  day  the  concentrations  were  in- 
creased by  5  %  until  they  reached  99.8 % . 

Nine  adult  rats  were  used  for  this  experi- 
ment. Records  were  made  daily  of  intake 
from  the  two  bottles;  the  rats  were  weighed 
every  second  day. 

It  must  be  stated  here  at  once  that  the 
wide  range  of  individual  differences  of  reac- 
tions of  the  rats  to  heavy  water  make  it 
impossible  to  give  an  average  curve  as  was 
always  possible  with  the  previously  tested 
substances. 

Figure  2A  shows  the  records  for  one  of 
the  rats  that  did  not  recognize  a  difference 
between  heavy  water  and  distilled  water. 
Ordinates  show  daily  intake  in  milliliters 
and  body  weight  in  grams;  abscissas  show 
time  in  days;  the  stepograph  shows  concen- 
trations of  heavy  water  from  5  to  99. 


(100).  Intake  of  distilled  water  and  heavy 
water  fluctuated  up  and  down  right  up  to  the 
end.  On  concentrations  above  50%  the  rai 
began  to  lose  weight  showing  that  it  was 
ingesting  harmful  amounts  of  heavy  water. 
Interchanging  positions  of  the  bottles  pro- 
duced only  a  temporary  decrease  in  intake 
of  heavy  water.  Three  other  rats  showed 
similar  eratic  records  with  no  definite  recog- 
nition of  heavy  water. 

Figure  2B  shows  the  record  of  a  rat  that 
drank  only  heavy  water  up  to  80%;  then 
after  interchanging  positions  of  bottles 
drank  less  heavy  water  for  3  days;  then 
drank  very  large  amounts  and  as  a  result 
died.  It  had  lost  weight  at  a  rapid  rate  for 
the  previous  7  days. 

Figure  3A  shows  the  record  of  a  rat  that 
after  marked  fluctuations  in  intake  of  dis- 
tilled water  and  heavy  water  finally  made  a 
clear-cut  recognition.  It  continued  to  gain 
weight  throughout.  Two  other  rats  showed 
similar  records.  Figure  3B  shows  the  only 
record  that  bears  any  resemblance  to  those 
obtained  on  the  other  substances.  The  rat 
recognized  the  heavy  water  solution  in  con- 
centrations of  50%  and  above.  It  was  then 
decided  to  give  the  rats  a  choice  simply 
between  heavy  water  (99.8%)  and  distilled 
water. 

Are  rats  able  to  recognize  heavy  waur 
when  given  a  choice  of  distilled  water  and  a 
99,8%  concentration  from  the  very  start? 
The  technique  was  the  same  as  before.  The 
bottle  from  which  the  rat  had  been  drinking 
the  larger  amounts  was  filled  with  heavy 
water  (99.8%).  Daily  records  of  intake  of 
distilled  water  and  heavy  water  were  then 
taken  for  several  weeks. 

The  two  bottles  on  each  cage  remained  in 
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Fig.  2.  Preference  threshold  records  for  two  rats  that  had  a  choice  of  distilled  water  and  heavy  water  in 
increasing  concentrations  (5%  every  other  day)  from  5  to  99.8%. 
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Fig.  3.  Preference  threshold  records  of  two  other  rats. 


the  same  position  throughout  the  experi- 
ment unless  otherwise  specified. 

Eighteen  rats  were  used  for  this  experi- 
ment. 

Results.  Figure  4A  shows  the  record  of 
one  of  these  animals.  On  the  first  day  this 
rat  drank  heavy  water  just  as  freely  as  it  had 
been  drinking  distilled  water.  On  the  follow- 
ing days  it  practically  stopped  drinking 
heavy  water  but  increased  its  distilled  water 
intake  to  a  normal  level.  After  positions  of 


the  bottles  were  interchanged  (P)  the  rat 
still  refused  to  drink  the  heavy  water.  Here 
the  rat  definitely  recognized  the  heavy  water 
and  almost  showed  an  aversion  to  it.  It 
gained  weight  at  a  constant  rate  throughout. 
Fourteen  of  the  rats  showed  this  type  of 
record. 

In  view  of  the  eratic  unpredictable  reac- 
tions of  the  nine  rats  in  the  "preference 
threshold"  experiment,  the  fact  that  14  out 
of  18  rats  gave  the  Fig.  4 A  type  of  record 
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Fig.  4.  Choice  of  distilled  water  and  heavy  water 
(99.8%)  for  two  rats. 

must  be  of  considerable  significance. 

Figure  4B  shows  a  different  type  of  re- 
(Tord.  This  rat  started  by  drinking  almost 
equal  amounts  of  distilled  water  from  the 
two  bottles.  For  the  first  8  days  it  drank 
heavy  water  and  distilled  water  in  nearly 
equal  amounts.  After  interchanging  posi- 
tions (P)  of  the  bottles  it  stopped  drinking 
heavy  water  for  6  days  and  took  larger 
amounts  of  distilled  water.  Then  it  drank 
progressively  more  heavy  water,  finally 
drinking  almost  equal  amounts  of  each. 
Body  weight,  however,  increased  at  a  steady 
rate  throughout,  indicating  that  so  far  the 
rat  had  not  ingested  harmful  amounts.  Two 
rats  showed  this  type  of  record.  These  rec- 
ords and  those  in  Figs.  5A  and  B  are  proba- 
bly further  instances  of  eratic  behavior  seen 
in  the  "preference  threshold"  tests. 

Figures  5 A  and  B  show  still  two  other 
types  of  records.  In  Fig.  5 A,  positions  of  the 
bottles  were  interchanged  every  other  day. 
This  rat  apparently  drank  enough  heavy  wa- 
ter on  the  first  2  days  to  produce  a  tempo- 
rary aversion.  After  that  it  failed  to  differen- 
tiate. Position  habits  apparently  made  it 
drink  fairly  large  amounts  of  heavy  water 
every  other  day.  However,  it  did  not  ingest 
enough  heavy  water  to  cause  more  than  a 
very  slight  decrease  in  weight  gain.  In  Fig. 
5B  the  rat  drank  almost  equal  amounts  of 
distilled  water  and  heavy  water  at  the  start; 
then  drank  smaller  amounts  of  heavy  water. 
Changing  of  positions  of  bottles  (P)  did  not 
have  any  definite  effect  on  the  fluid  intake. 


t  £  DAILY ^  '^^ 

Fig.  5.  Choice  of  distilled  water  and  heavy  water 
(99.8%)  for  two  other  rats. 


Results  of  these  experiments  indicate  that 
when  on  the  first  day  the  rats  drank  high 
amounts  of  heavy  water  and  little  or  do 
distilled  water,  that  they  then  developed  a 
definite  aversion  to  heavy  water;  whereas, 
when  on  the  first  few  days  they  drank  equal 
amounts  of  distilled  water  and  heavy  water, 
in  some  instances  they  did  not  make  the 
distinction  for  20-40  days  or  more. 

This  finding  could  mean  that  ingestion  of 
high  amounts  of  heavy  water  on  the  fint 
day,  that  is  when  the  rats  drank  it  as  freely 
as  distilled  water  (i)  they  experienced  unto- 
ward symptoms  and  (ii)  they  detected  some 
characteristic  of  heavy  water  that  made  it 
possible  for  them  to  distinguish  it  from  the 
distilled  water  and  so  to  associate  it  with 
untoward  symptoms. 

What  are  the  untoward  symptoms?  There 
is,  of  course,  no  way  of  determining  what 
the  rats  experience.  Apparently,  they  do  not 
experience  the  untoward  symptoms  during 
the  first  24  hr,  since  during  this  time  they 
continued  to  drink  heavy  water  as  freely  as 
distilled  water.  To  throw  light  on  this  ques- 
tion determinations  were  made  of  heavy  wa- 
ter content  of  the  blood  at  various  times 
after  the  start.  Blood  was  taken  at  8-hr  in- 
tervals from  the  conjunctival  sac  in  the  cor- 
ner of  an  eye  with  the  method  of  Halpem 
and  Pacaud  (8).^  Figure  6  shows  curves 

'  Dr.  Josef  Pitha,  Department  of  Gerontology  of  the 
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Fig.  6.  Heavy  water  content  of  blood  of  rats  whose  fluid  intake  was  restricted  to  heavy  water  (99.8%);  and 
iter  to  distilled  water. 


rom  two  sets  of  readings.  At  the  end  of  the 
irst  8  hr  heavy  water  content  had  reached 
bout  7%  and  at  end  of  the  first  day  12%, 
t  the  end  of  the  second  day  15-17%,  and 
fter  10  days  as  much  as  30%.  We  have  no 
lea  what  symptoms  these  amounts  of  heavy 
^ater  produce.  Previous  experiments  dem- 
•nstrated  that  first  signs  of  slowing  of  the  24 
T  clock  occurred  on  the  second  day  and  it  is 
kely  that  many  organs  showed  very  slight 
lowing  effects  (2).  Various  symptoms  to- 
ether  might  suffice  to  produce  untoward 
ymptoms  enough  to  elicit  the  aversion  to 
eavy  water. 

The  following  experiments  were  under- 
aken  to  determine  what  characteristics  of 
eavy  water  that  the  rats  might  associate 
fixh  the  untoward  symptoms. 

Do  rats  taste  heavy  water?  This  experi- 
lent  was  undertaken  to  determine  whether 
tie  rats  are  able  to  taste  heavy  water.  For 
[lis  purpose  taste  nerves  were  cut  in  nine 
ats  before  the  sharp  differentiation  shown 
1  Fig.  4 A  was  made;  and  in  three  rats 
ometimes  afterwards. 

The  chorda  tympani,  glossopharyngeal, 
nd  the  pharyngeal  branches  of  the  tenth 
erves  were  cut  or  avulsed  through  expo- 
Lires  and  methods  described  with  Malone 
9)  in  1956.  Taste  buds  in  the  fungiform, 
3lliate,  and  circumvallate  papillae  degener- 
ted  after  this  operation. 

Results.  Figure  7A  shows  the  record  of 
ne  of  the  rats  in  which  the  nerves  were  cut 

(ational  Institute  of  Health  in  Baltimore  and  Dr.  Cath- 
rine  Fenselau  have  my  gratitude  for  many  helpful 
jggestions  and  use  of  the  spectrophometer. 


before  the  differentiation  was  made.  It 
shows  the  intake  of  distilled  water  for  20 
days  after  sectioning  of  the  nerves.  Heavy 
water  was  then  placed  in  the  bottle  from 
which  the  rat  had  been  drinking  the  larger 
amounts.  On  the  first  day,  the  rat  drank 
heavy  water  as  freely  as  distilled  water.  On 
the  next  day,  however,  it  almost  completely 
stopped  drinking  it,  thus,  demonstrating 
that  the  differentiation  did  not  depend  on 
the  ability  of  rats  to  taste  heavy  water.  The 
other  eight  rats  showed  the  same  results. 
Figure  7B  shows  that  sectioning  of  the  taste 
nerves  after  a  clear  cut  differentiation  had 
been  made  did  not  interfere  with  the  rat's 
ability  to  recognize  the  heavy  water.  Inter- 
changing positions  of  the  bottles  as  well  as 
interchanging  of  distilled  water  and  heavy 
water  without  changing  positions  of  the  bot- 
tles did  not  alter  the  results.  The  other  two 
rats  gave  the  same  results. 

Are  rats  able  to  smell  heavy  water?  This 
experiment  was  undertaken  to  determine 
whether  rats  are  able  to  smell  heavy  water. 
For  this  purpose  olfactory  bulbs  were  re- 
moved in  16  rats  before  the  differentiation 
was  made  between  distilled  water  and  heavy 
water,  and  were  removed  in  six  rats  after- 
wards. 

Results.  Figure  8 A  shows  the  record  of 
one  of  these  rats.  The  olfactory  bulbs  were 
removed  8  days  before  start  of  the  heavy 
water  which  was  placed  in  the  bottle  from 
which  the  rat  had  been  drinking  the  larger 
amounts  of  distilled  water.  This  rat  drank 
heavy  water  as  freely  as  distilled  water,  not 
only  on  the  first  day,  but  on  the  14  following 
days  right  up  to  the  time  of  its  death.  It  d'  * 
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not,  at  any  time,  start  to  drink  more  distilled 
water.  This  record  shows  that  this  anosmic 
rat  could  no  longer  recognize  the  difference 
between  heavy  water  and  distilled  water. 
Body  weight  showed  a  sharp  decrease  from 
the  start  with  heavy  water.  Ten  other  an- 
osmic rats  showed  this  same  result. 
Figure  SB  shows  the  record  of  an  anosmic 


rat  that  continued  to  drink  fairly  large 
amounts  of  distilled  water  along  with  large 
amounts  of  heavy  water.  It  lost  some  weight 
but  did  not  die  until  35  days  after  start  of  the 
heavy  water.  By  that  time  its  body  weight 
had  dropped  far  below  the  predicted  level. 
It  clearly  did  not  differentiate  between  dis- 
tilled water  and  heavy  water.  Figure  8C 
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Fig.  7.  Graphs  showing  that  rats  still  recognize  heavy  water  after  sectioning  of  taste  nerves:  (A)  before  choice; 
(B)  after  choice. 
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s  a  record  of  another  anosmic  rat  which 
ot  die  until  73  days  after  the  start  of 
f  water.  For  the  first  20  days  it  drank 
ly  more  distilled  water  than  heavy  wa- 
[len,  over  a  long  period  of  eratic  behav- 
:  finally  drank  heavy  water  in  lethal 
ints.  Six  rats  showed  the  types  of  curves 
n  in  Figs.  8B  and  C.  They  all  finally 
c  lethal  amounts  of  heavy  water.  Of  the 
ts  from  which  the  olfactory  bulbs  were 
ved  after  the  differentiation  had  been 
three  failed  to  differentiate  and  died 
13,  28,  and  29  days;  but  three  rats  still 
entiated.  These  last  three  anosmic  rats 
have  still  detected  the  presence  of  the 
f  water  in  spite  of  changes  in  positions 
I  bottles  for  fluids,  use  of  entirely  new 
3f  bottles,  and  reoperations  to  make 
in  of  removal  of  all  olfactory  tissue. 
?  rats  able  to  detect  the  difference  in 
nty  between  distilled  water  and  heavy 
?  At  room  temperature  heavy  water  is 
more  viscous  than  distilled  water;  at  5° 
31%  more  viscous  (2).  Reactions  to 
ences  in  viscosity  might  be  detected  by 
I  sensations  (lingual  nerves), 
e  differentiation  experiment  was  con- 
d  on  nine  rats  in  a  cold  room  (5°). 
her  experiment  was  conducted  on  six 
t  room  temperature  after  sectioning  of 
ngual  nerves  and  presumably  eliminat- 
ictile  sensations. 

ither  experiment  gave  definite  results, 
sity  could  not  play  an  important  part 
at  5°  the  rats  failed  to  differentiate, 
n  part,  also,  to  reduced  aerosal  in  the 
Thus,  the  ability  of  the  three  anosmic 
:o  differentiate  between  heavy  water 
distilled    water    still    remains    unex- 

cussion.  Eratic  variability  of  intake 
:  similar  conditions  by  rats  puts  heavy 

in  a  category  different  from  any  other 
ances  that  have  been  tested.  Some  rats 
d  to  drink  heavy  water  again  after  hav- 
early  shown  a  strong  aversion  for  some 

They  did  not,  however,  ingest  lethal 
nts,  except  in  one  instance. 
ts  avoid  heavy  water  after  a  combina- 
)f  two  circumstances:  (i)  intake  of  high 
nts  of  heavy  water,  high  enough  to 
ice  definite  untoward  symptoms  after 

24  hr  on  first  exposure  and  (ii)  expo- 


sure of  the  rat  to  enough  heavy  water 
aerosal  to  make  an  association  between  un- 
toward symptoms  and  the  smell  of  heavy 
water. 

Thus,  with  the  three  exceptions,  anosmic 
rats  gave  the  same  type  of  curves  for  heavy 
water  that  were  obtained  earlier  (6)  with  the 
highly  soluble  and  toxic  chemicals  sodium 
fluoroacetate  (1080)  and  thallium  sulfate. 
These  two  chemicals  have  no  taste  and  no 
smell  to  either  rats  or  human  beings.  This 
makes  them  such  effective  poisons.  The  rats 
drank  them  freely  and  were  not  able  to 
distinguish  them  from  distilled  water.  In  the 
same  way,  anosmic  rats  drank  heavy  water 
freely  and  were  unable  to  differentiate  it 
from  distilled  water. 

That  1080  and  thallium  sulfate  have  no 
taste  to  rats  or  man  and  probably  to  all  other 
animals,  was  explained  by  the  fact  that  ani- 
mals have  never  been  exposed  to  these 
chemicals  in  nature  and  so,  in  the  process  of 
evolution,  have  never  built  up  an  ability  to 
protect  themselves  against  them.  Likewise, 
heavy  water  has  never  been  present  in  na- 
ture except  in  the  most  minute  amounts  and 
it  is  only  very  slightly  toxic  anyway,  so  ani- 
mals have  never  evolved  an  ability  to  taste 
it.  That  they  are  able  to  smell  it  is  purely 
coincidental. 

Summary.  Restricted  to  heavy  water 
(99.8%),  rats  drank  it  freely  for  the  first 
day,  then  they  drank  progressively  less  and 
died  within  14  days.  When  given  a  choice 
between  distilled  water  and  heavy  water 
(99.8%)  rats  avoided  heavy  water,  partly  by 
virtue  of  some  deleterious  effects  of  heavy 
water  and  partly  by  virtue  of  a  faint  smell  of 
heavy  water  with  which  the  untoward  effects 
could  be  associated.  Rats  did  not  taste 
heavy  water.  Whether  a  higher  viscosity  of 
heavy  water  plays  any  part  could  not  be 
determined.  Apparently  the  low  intensity  of 
any  untoward  effects  of  heavy  water  and  the 
faintness  of  its  smell  could  explain  the  er- 
ratic variability  of  the  reactions  of  rats  to 
heavy  water  that  put  it  in  a  different  cate- 
gory from  other  substances  tested  so  far. 
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svious  investigation  of  an  animal  model 
ffuse  granulomatous  lung  disease  has 
n  that  moderate  hypoxia  results  in  a 
latic  fall  in  oxygen  utilization  and  a  rise 
date  production  by  the  diseased  lung 
).  Newman  and  Naimark  have  found 
severe  hypoxia  reduces  palmitate  incor- 
tion  by  normal  lung  (5).  Their  study 
ipted  us  to  test  the  effects  of  moderate 
xia  upon  this  metabolic  activity  in  the 
;1  of  granulomatous  disease. 
Hhods.  Pulmonary  granulomatous  dis- 
was  produced  by  intravenous  injection 
►gs  of  0.3  ml/kg  complete  Freund's  ad- 
it (Difco  Laboratories,  Detroit,  Mich.) 

successive  days  (1).  The  dogs  were 
ed  3-4  weeks  after  injection  when  the 
se  reaches  its  maximum  extent.  Eight 
lal  and  eight  diseased  dogs  were  studied 
rding  to  an  identical  protocol.  The  dog 
thed  the  appropriate  gas  mixture  (F/^j 
-0.25)  until  he  attained  a  steady  level 
tntilation.  Five-tenths  millicurie  in  1.3 
>f  crystalline  [l-'*C]palmitic  acid  (New 
and   Nuclear   Corp.,   Boston,   Mass.) 

then  given  intravenously.  Arterial 
1  samples  were  collected  from  the  fem- 
artery  at  20,  40,  and  60  min  for  meas- 
ent  of  oxygen  and  carbon  dioxide  ten- 
and  pH  using  an  Instrumentation  Labo- 
y  blood  gas  analyzer.  At  1  hr  after 
nistration  of  labeled  palmitate,  the  dog 
exsanguinated  by  transection  of  the 
ral  arteries. 

e  lungs  were  promptly  removed, 
led,  and  immersed  in  2:1  (v/v)  chloro- 
-methanol  at  -20*",  then  homogenized, 
d,  and  filtered.  The  filtrate  was  washed 
0.37%  KQ  (20  ml/100  ml  filtrate), 
ifuged,  and  the  supernatant  was  col- 
d.  The  washing  was  repeated  twice  with 
%  KQ-chloroform-methanol  solution 
volume  ratio  of  47:3:48,  respectively. 


The  washed  lipid  extract  was  dried  and  re- 
dissolved  with  petroleum  ether  to  a  volume 
of  500  ml.  This  comprised  the  stock  solution 
from  which  all  subsequent  analyses  were 
made.  Four  milliliters  of  the  stock  solution 
were  dried  under  nitrogen,  redissolved  in 
chloroform,  and  put  through  10-cm  Kimax 
columns  containing  2  g  of  silicic  acid  (325 
mesh).  Three  subsequent  washings  of  10  ml 
of  methanol  eluted  the  phospholipids  which 
were  collected  in  pre  weighed  vials,  dried 
under  nitrogen,  and  re  weighed.  Total  lipid 
recovery  from  the  columns,  as  determined 
by  radioactivity  recovered,  was  80%  for 
both  the  normal  and  diseased  specimens. 

Additional  aliquots  of  the  stock  solution 
were  similarly  prepared  for  counting  and 
fractionation.  Counting  was  done  with  a 
Packard  Tri-Carb  liquid  scintillation 
counter.  Separation  was  done  by  thin-layer 
chromatography  with  silica  gel  H,  using 
chloroform-methanol-water-glacial  acetic 
acid,  80:25:4:1  (v/v)  as  the  solvent.  The 
plates  were  stained  with  iodine  vapor  and 
the  spots  were  scraped  separately  for  count- 
ing. In  addition,  the  fatty  acid  composition 
of  phosphatidyl  choline  was  determined  in 
four  diseased  and  four  control  specimens  by 
gas  chromatography. 

For  autoradiographic  studies  two  control 
and  two  diseased  dogs  were  studied  breath- 
ing room  air  according  to  the  protocol  previ- 
ously described.  One  hour  after  infusion  of 
2  mCi/kg  palmitic  acid  9-10  ^H  (New  Eng- 
land Nuclear  Corp.,  Boston,  Mass.)  the 
lungs  were  removed  and  fixed  in  2.5%  glu- 
taraldehyde  in  phosphate  buffer  (pH  7.6). 
Samples  were  postfixed  in  1  %  osmium  te- 
troxide,  dehydrated  in  graded  acetone  solu- 
tions, and  embedded  in  Araldite  resin.  One- 
micron-thick  sections  were  dipped  in  Kodak 
Nuclear  Track  emulsion  (NTB-2),  air-dried, 
and  incubated  for  2,  4,  and  6  weeks.  The 
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autoradiographs  were  developed  in  Kodak 
D-19  and  examined  by  phase  contrast  and 
dark-field  microscopy.  For  electron  micro- 
scopic studies  ultrathin  sections  were  cut  on 
a  Sorval  MT-2  microtome,  stained  with  ura- 
nyl  acetate  and  lead  citrate,  and  examined 
in  a  Siemens  Elmiskop  101. 

Results,  The  data  on  lung  weight  and 
phospholipid  content  are  summarized  in  Ta- 
ble I.  On  the  average,  there  was  a  twofold 
increase  in  the  lung  weight  to  body  weight 
ratio  in  the  diseased  dogs.  This  was  attribut- 
able to  the  increase  in  weight  of  the  diseased 
lung  since  body  weight  did  not  fall  by  more 
than  10%  during  the  development  of  the 
pulmonary  lesions.  The  larger  standard  de- 
viations in  the  diseased  group  reflect  the 
variability  in  extent  of  disease  in  different 
animals.  Since  phospholipid  content  in- 
creased linearly  with  increasing  lung  weight, 
as  shown  in  Fig.  1 ,  the  phospholipid  content 
pjer  unit  lung  weight  was,  on  the  average, 
identical  in  both  groups.  The  three  diseased 
lungs  which  group  with  the  normals  in  Fig.  1 
showed  features  on  gross  examination  char- 
acteristic of  the  granulomatous  process.  The 
lungs  have  a  dark  raspberry  color  and  are 
filled  with  nodules  which  vary  in  size  from  1 
to  10  mm  in  diameter.  Microscopically,  the 
lesions  are  seen  to  be  typical  noncaseating 
granulomata  (1).  There  are,  in  addition,  in- 
creased numbers  of  free  alveolar  macro- 
phages. Electron  microscopy  reveals  an  in- 
creased number  of  Type  II  pneumocytes  lin- 
ing all  alveolar  air  spaces  (Fig.  2).  This  pro- 
liferation of  alveolar  Type  II  cells  is  not 
localized  to  regions  with  granulomata,  but  is 
found  as  well  in  otherwise  unaffected  parts 
of  the  lung. 

Autoradiographic  studies  reveal  the  de- 


veloped silver  grains  clustered  in  the  Type  11 
alveolar  epithelial  cells  in  the  diseased  lung 
(Fig.  3).  There  is  no  concentration  of  silver 
grains  over  the  granulomata  or  alveolar 
macrophages  at  1  hr  after  infusion  of  la- 
beled palmitate  (Fig.  4).  In  the  normal  con- 
trols, the  palmitate  was  similarly  associated 
with  the  Type  II  alveolar  pneumocyte  and 
not  with  other  normal  cell  types. 

The  uptake  of  labeled  palmitate  in  total 
lung  lipids  was  no  different  in  diseased  and 
normal  groups,  even  during  moderate  hy- 
poxia (Fig.  5).  Nor  was  there  any  correla- 
tion between  lipid  counts  per  minute  per 
lipid  weight  and  Pao,*  Paco^  ^^  pH  in 
either  the  normal  or  diseased  groups. 

There  was  no  difference  in  the  preferen- 
tial incorporation  of  the  label  into  the  phos- 
phatidyl choline  fraction  of  phospholipids, 
being  57  ±  9%  for  diseased  and  48  ±  13% 
for  controls  and  no  significant  correlation 
between  incorporation  and  Pao,y  (Fig.  6). 
Accordingly,  the  data  are  summarized  in 
Table  II  with  reference  only  to  the  presence 
or  absence  of  disease.  The  increase  in  phos- 
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Fig.  1.  Correlation  of  phospholipid  content  and 
lung  wet  weight  in  eight  control  (O)  and  eight  diseased 
(•)  dogs. 


TABLE  I.  Body,  Wet  Lung, 


AND  Phospholipid  Weights  (Mean 
Diseased  Dogs." 


SD)  IN  Eight  Control  and  Eight 


Units 

Controls 

Diseased 

P 

Body  weight 
Lung  wet  weight 
Phospholipid  weight 
Lung  wet  weight 

kg 

g 

g 

12  ±  2 
97  ±  17 
1.3  ±  0.2 
0.8  ±  0.1 

10  ±  2 
162  ±  63 
2.3  ±  1.0 
1.7  ±  0.8 

NS 
<.02 
<.02 
<.02 

Body  weight 
Phospholipid  weight 

% 

1.4  ±  0.3 

1.4  ±0.3 

NS 

Lung  wet  weight 

**  The  means  are  compared  by  the  Student's  /  test  of  Fisher. 


Fig.  2.  This  electron  micrograph  shows  a  portion  of  a  granulomatous  lesion  encroaching  on  an  air  space.  The 
lesion  is  made  up  of  epithelioid  cells  containing  fat,  autophagosomes,  and  phagocytized  material.  The  surface  is 
lined  by  four  adjacent  Type  II  pneumocytes  in  different  stages  of  development  (x3000). 


Fig.  3.  In  this  autoradiograph  examined  in  a  phase  contrast  microscope,  the  developed  silver  grains  are  out  of 
the  plane  of  focus  and  are  therefore  seen  as  bright  spots  rather  than  dark  grains.  This  micrograph  shows  a 
granulomatous  lesion  hned  by  Type  II  pneumocytes  containing  a  concentration  of  silver  grains.  The  dispersed 
grains  in  the  rest  of  the  field  indicate  the  background  level.  (x750). 
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Fig.  4.  In  this  autoradiograph  examined  by  phase  contrast  at  high  magnification,  the  developed  silver  grains 
are  seen  as  bright  rings  which  are  concentrated  over  a  single  Type  II  pneumocyte.  An  alveolar  macrophage  and  id 
intracapillary  polymorphonuclear  leukocyte  have  no  associated  grains.  (x2000). 

dyl  choline  fatty  acids  was  almost  exclu- 
sively confined  to  palmitate  in  both  the  nor- 
^  mal  (98%)  and  the  diseased  (94%)  speci- 

Q  mens. 

•  The  total  neutral  lipid  count  per  gnun 
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Fig.  5.  Uptake  of  [1-'*C]  palmitate  in  total  lung 
lipids  in  eight  control  (O)  and  eight  diseased  (•)  dogs. 

pholipid  counts  in  the  diseased  lung  reflects 
the  increase  in  lung  weight;  the  specific  ac- 
tivity, expressed  as  phospholipid  counts  per 
unit  phospholipid  weight,  being  no  different 
in  the  groups. 

Separation  of  the  fatty  acid  constituents 
of  the  phosphatidyl  choline  fraction  by  gas 
chromatography  in  four  control  and  four 
diseased  dogs  showed  the  CI 6  chain  (palmi- 
tate) comprised,  on  the  average,  59  and 
57%,  respectively,  of  the  total  fatty  acids. 
Radioactivity  recovered  from  the  phosphati- 
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Fig.  6.  Incorporation  of  [1-*K^]  palmiute  into 
phosphatidyl  choline  fraction  of  lung  phospholipids  ii 
eight  control  (O)  and  eight  diseased  (•)  dogs. 
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E  11.  Incobpokahon  of  (1-'^]Palmitate  into  Lung  Phospholipids  of  Eight  Control  and  Eight 

Diseased  Dogs  (Mean  ±  SD).° 


Units 

Controls 

Diseased 

P 

jectateDose 

cpm  X  10« 

43  ±  14 

38  ±  20 

NS 

lOsphoUind  Counts 

cpm  X  10» 

488  ±  213 

794  ±  238 

<.02 

lipid  counts 
Iqnd  weight 

cpm  X  10* 
g 

369  ±  135 

380  ±  166 

NS 

tidyl  choUne  counts 
phdipid  counts 

% 

48  ±  14 

55  ±9 

NS 

means  are  compared  by  the  Student's  t  test  of  Fisher. 


I  lipid  weight  was  127  ±  58  in  normal 
ind  103  ±  29  in  the  diseased  lungs.  Of 
tal  neutral  lipid  counts  per  minute, 
lakdown  as  a  percent  found  in  choles- 
fatty  acids,  triglycerides,  and  choles- 
sters  was  14,  9,  54,  and  14,  respec- 
for  normals  and  18,  3,  59,  and  9  for 
eased.  The  differences  in  breakdown 
in  normal  and  diseased  were  not  sta- 
ly  significant. 

ussion.  The  present  study  confirms 
observations  that  palmitate  is  incor- 
i  preferentially  into  the  phosphatidyl 
;  fraction  of  the  phospholipids  of  the 
3ur  results  in  normal  lungs  demon- 
hat  the  incorporation  of  the  fatty  acid 
in  the  Type  II  alveolar  pneumocyte, 
been  shown  previously  by  one  of  us 
S.)  as  well  as  by  others  (6,  7).  Sur- 
ly, the  presence  of  granulomatous 

1  does  not  interfere  with  the  incorpo- 
of  palmitate.  The  increase  in  lung 
in  this  disease  results  from  an  in- 

in  cell  mass;  there  are  no  differences 
atios  of  protein  weight:  wet  weight  or 
eight :dry  weight  between  diseased 
md  normal  lungs  (4). 

2  there  is  a  proliferation  of  epithelioid 
Dnonuclear  inflammatory  cells  in  the 
3mas  which  are  not  known  to  incor- 

palmitate  one  might  expect  there 
be  a  reduction  in  the  specific  activity 
led  palmitate  (counts  per  minute  per 
»f  phospholipid)  in  the  diseased  lung. 
,  there  is  an  increased  uptake  of  pal- 
in  proportion  to  the  increase  in 
of  the  lung  in  the  diseased  group, 
^ssibility  that  this  behavior  of  the  dis- 
lung  might  be  due  to  a  reduction  in 
:nilating  levels  of  palmitate  was  con- 


sidered, but  measurement  revealed  no  dif- 
ferences in  plasma  concentrations  of  palmi- 
tate or  albumin  between  the  diseased  and 
control  dogs.  Since  we  have  identified  an 
increase  in  numbers  of  Type  II  alveolar 
pneumocytes  in  the  diseased  lungs,  and 
found  by  autoradiographic  study  that  la- 
beled palmitate  is  preferentially  incorpo- 
rated into  these  cells,  we  conclude  that  the 
enhanced  incorporation  of  fatty  acid  in  the 
diseased  lung  is  the  result  of  metabolic  activ- 
ity of  the  Type  II  alveolar  cells.  The  autora- 
diographic studies  identify  primarily  palmi- 
tate incorporation  into  phospholipids  rather 
than  neutral  lipids,  since  acetone  used  in  the 
preparation  of  these  tissues  may  have  ex- 
tracted the  latter.  Elsbach  (8)  and  Mason 
and  co-workers  (9)  have  shown  that  the  al- 
veolar macrophage  incorporates  palmitate 
into  phospholipids  and  these  cells  are  in- 
creased in  adjuvant  induced  pulmonary  dis- 
ease. Yet,  Young  and  Tiemey  (10)  and 
Thomas  and  Rhoades  (11)  have  reported 
that  it  requires  more  than  6-hr  after  intrave- 
nous infusion  of  radioactive  palmitate  be- 
fore the  peak  of  specific  activity  is  found  on 
the  surface  of  the  alveoli  in  normal  lungs.  In 
addition,  the  report  of  Askin  and  Kuhn  (7) 
confirms  that  in  normal  lungs  the  label  first 
appears  in  the  Type  II  alveolar  cells.  Hence, 
it  seems  unlikely  that  the  label  would  be 
found  in  the  free  alveolar  cells  in  the  present 
study  where  the  lungs  were  harvested  1  hr 
after  palmitate  infusion.  This  time  was  cho- 
sen because  other  studies  have  shown  that 
the  maximal  uptake  of  palmitate  in  normal 
lung  occurs  within  this  period  of  time  (4,  5, 

11). 

Whereas  Newman  and  Naimark  (5)  dem- 
onstrated an  effect  of  severe  hypoxia  on 
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palmitate  incorporation  by  normal  lung  in 
the  rat  at  an  arterial  tension  of  29  mm  Hg, 
the  present  study  failed  to  demonstrate  such 
an  effect  over  a  range  of  40-140  mm  Hg  in 
the  dog.  We  believe  this  difference  reflects 
the  level  of  hypoxia  studied.  While  fatty 
acid  incorporation  appears  to  be  relatively 
unaffected  by  moderate  hypoxia,  dramatic 
changes  in  pulmonary  oxygen  utilization 
and  lactate  production  have  been  previously 
demonstrated  during  hypoxia  in  this  disease 
model  (1-4). 

Summary.  Moderate  hypoxia  did  not  in- 
fluence the  pulmonary  incorporation  of  an 
intravenous  dose  of  [l-^''C]palmitate  either 
in  dogs  with  experimentally  produced  gran- 
ulomatous disease  or  in  normal  controls. 
The  lung  weight  in  the  diseased  animals, 
was,  on  the  average,  double  that  of  the 
controls.  There  was  a  proportionate  in- 
crease in  uptake  of  the  radioactive  label  at  1 
hr  after  infusion  in  the  diseased  lungs,  hence 
the  specific  activity  of  labeled  palmitate 
(counts  per  minute  per  gram  of  phospho- 
lipid) was  no  different  in  the  two  groups. 
Moreover,  half  the  radioactivity  of  the  phos- 
pholipids was  recovered  in  palmitate  sepa- 
rated from  the  phosphatidyl  choline  fraction 
in  both  diseased  and  normal  lungs.  Ana- 
tomic studies  demonstrated  increased  num- 
bers of  Type  II  pneumocytes  lining  all  alveo- 
lar air  spaces  in  the  diseased  lung.  Autoradi- 
ographic studies  indicated  the  presence  of 
labeled  palmitate  in  the  Type  II  cells,  but 
not  in  the  inflammatory  cells  of  the  granu- 
lomata.  We  conclude  that  the  increased  pal- 
mitate uptake  in  this  disease  in  accounted 


for  by  the  metabolic  activity  of  the  Type  II 
pneumocytes. 
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Corticotropin  Releasing  Factor  (CRF)  Activity  in  Rat  Plasma^  (39468) 
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z  have  been  several  reports  of  corti- 
fi  releasing  activity  in  extrahypothal- 
»sues  and  fluids  (1-6).  Indirect  evi- 
)f  extrahypothalamic  CRF  was  pro- 
1  cross-circulation  experiments  con- 
in  rats  by  Brodish  and  Long  (2). 

indirect  evidence  of  extrahypothal- 
tivity  was  also  established  by  Egdahl 
)  found  that  dogs  with  pituitary  is- 
ontinued  to  secrete  ACTH  despite 
1  of  the  entire  nervous  system. 
:t  evidence  for  extrahypothalamic 
'  CRF  was  first  shown  by  Lyman- 
and  Brodish  (7)  who  found  that  pe- 
l  plasma  taken  from  stressed,  hy- 
sctomized  rats  with  median  emi- 
ssions had  greater  CRF  activity  than 
from  similar  nonstressed  animals.  In 
[periments  CRF  activity  of  the  donor 
ma  was  assayed  in  median  eminence- 
1  animals  which  had  been  shown  to 
I  to  median  eminence  extract  but  not 
)ral  cortical  extract  or  to  ether  stress, 
isue  CRF  and  hypothalamic  CRF 
milar  in  that  both  stimulated  corti- 
Tetion  in  assay  rats.  However,  tissue 
id  hypothalamic  CRF  differed  in  the 
urses  of  effect  in  the  assay  rats.  Hy- 
mic  CRF  activity  provoked  a  tran- 
rly  effect  whereas  the  effect  of  tissue 
is  found  to  be  prolonged, 
la  has  also  been  reported  to  stimu- 
!TH  release  from  rat  pituitary  cells 
ned  in  monolayer  culture  (6).  As 
0.1  %  v/v  plasma  in  the  assay  system 
tes  ACTH  release, 
ig  the  course  of  studies  of  hypotha- 
]!RF  activity  we  observed  a  similar 
)i  peripheral  plasma  on  incubated, 
id  pituitary  cells  prepared  by  the 

of  Swallow  and  Sayers  (8).  The 

orted  in  part  by  Institutional  Research  Sup- 
ni    the    Veterans    Administration    and    by 
)  Grant  AM01457. 
S  No.  4883. 


present  report  describes  efforts  to  further 
characterize  plasma  CRF  activity. 

Preparation  of  isolated  pituitary  cells. 
Four  to  six  male  Sprague-Dawley  rats, 
weighing  200-300  g  were  used  in  each  ex- 
periment. After  decapitation  the  anterior 
pituitaries  were  removed,  rinsed  in  normal 
saline,  blotted,  quartered,  and  placed  in  a 
50-ml  Erlenmeyer  flask  containing  20  ml  of 
Krebs-Ringer  bicarbonate  buffer  with 
0.2%  glucose  (KRBG)  and  0.5%  trypsin 
(Worthington  Biochemical  Corp.,  Free- 
hold, N.J.)  (8).  The  tissue  pieces  were  agita- 
ted at  3T  in  a  95%  ©2:5%  CO2  atmos- 
phere. After  20  min  the  supernatant  con- 
taining dispersed  cells  was  transferred  to  an 
iced  flask,  fresh  KRBG  with  trypsin  was 
added  to  the  remaining  fragments  and  the 
above  process  was  repeated.  After  three 
washes,  the  combined  supernatants  were 
centrifuged  at  lOOg  for  30  min  at  4*".  The 
pellet  containing  the  cells  was  resuspended 
in  KRBG  containing  1%  bovine  serum  al- 
bumin (Sigma  Chemical  Co.,  St.  Louis, 
Mo.)  and  30  mg  of  lima  bean  trypsin  inhibi- 
tor (Worthington  Biochemical  Corporation, 
Freehold,  N.J.),  yielding  a  final  concentra- 
tion of  0.5  pituitary  equivalents  per  milli- 
liter. Cell  suspension  aliquots  of  0.5  ml  con- 
taining approximately  10*  cells  were  prein- 
cubated  in  10-ml  Teflon  beakers  for  10  min 
at  37°  until  the  test  substances  were  added. 

Preparation  and  additions  of  test  sub- 
stances. The  following  test  substances  were 
added:  lyophilized  rat  hypothalamic  extract 
(RHE)  (NIAMD-rat  HE-RP-1),  rat  plasma 
or  serum,  heparin,  and  rat  plasma  fraction- 
ated as  described  below.  All  test  substances 
were  adjusted  to  500- /ml  volumes  with 
KRBG  and  added  to  the  cell  suspension, 
yielding  a  final  incubation  volume  of  1  ml. 
RHE  was  dissolved  in  2  ml  of  0.2  N  acetic 
acid,  aliquoted  into  100- /ml  vials,  and  frozen 
until  use.  The  aliquots  were  thawed  and 
diluted  with  buffer  before  addition  to  the 
test  system.  Blood  was  collected  from  rats 
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by  rapid  decapitation  (unstressed)  or  by 
exsanguination  after  5  min  exposure  to 
ether  (stressed).  Samples  were  collected  on 
ice,  centrifuged  at  lOOg,  and  frozen  until 
use.  The  possible  CRF  activity  of  heparin 
(sodium  heparin,  Invernex,  1000  USP  units 
per  milliliter)  was  tested  by  introduction 
into  the  cell  incubation  at  the  same  concen- 
tration as  that  used  to  heparinize  blood  (10 
units/ml). 

Fractionation  of  plasma.  Two  methods 
were  employed  (i)  2  ml  of  plasma  was  intro- 
duced onto  a  1 .5  X  30-cm  G-75  Sephadex 
column  and  eluted  with  an  0.05  M  phos- 
phate buffer  (pH  7.4)  at  25°.  (ii)  10  ml  of 
plasma  separated  by  vacuum  ultrafiltration 
at  50  Torr  at  4°  using  a  membrane  with  an 
average  molecular  weight  retention  of 
15,000.  Both  the  retained  fraction  (reten- 
ate)  and  the  ultrafiltrate  were  collected  and 
stored  at  4**  or  until  assayed.  In  both  experi- 
ments a  portion  of  the  raw  plasma  was  as- 
sayed to  determine  recovery. 

Assay  ofACTH.ACTH  released  into  the 
incubation  medium  was  determined  by  ra- 
dioimmunoassay as  previously  described 
(9).  The  antibody  employed  is  highly  spe- 
cific for  oh-ACTH  and  a""*^  ACTH;  react- 
ing with  both  on  an  equimolar  basis.  It  fails 
to  cross-react  significantly  with  the  follow- 
ing polypeptides:  o-MSH,  /8p-MSH,  ft,- 
MSH,  ap"-3»ACTH,  o^^-^^ACTH,  and 
ap*^»  ACTH  and  0^**^  ACTH  or  a>->«N"« 
ACTH.  The  sensitivity  limit  of  the  assay  is 
30  pg/ml.  In  the  present  studies  the  mea- 
sured quantities  of  ACTH  were  in  the  nano- 
gram per  milliliter  range. 

Results,  Dose-response  relationships  in 
the  isolated  pituitary  cell  system  were  estab- 
lished using  the  standard  NIAMDD  rat  hy- 
pothalamic extract  as  a  stimulus.  The  results 
of  this  experiment  are  shown  in  Fig.  1 .  The 
lower  asymptote  of  the  dose-response  curve 
was  used  to  estimate  the  sensitivity  of  the 
assay  system,  which  was  about  0.01  mg 
RHE.  Maximal  stimulation  was  achieved  by 
1 .0  mg  RHE  which  caused  release  of  10  ng 
ACTH/10*  cells  during  the  30  min  incuba- 
tion period.  The  ACTH-releasing  activity  of 
0.1  mg  RHE  was  chosen  as  a  standard  for 
the  studies. 

The  time  course  of  ACTH  release  in  re- 
sponse to  0.1  mg  RHE  is  depicted  in  Fig.  2. 
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Fig.  1.  Dose-response  effect  of  rat  hypothalamic 
extract  (RHE)  on  ACTH  release  from  dispersed  pitui- 
tary cells. 
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Fig.  2.  Time-course  of  rat  hypothalamic  extract 
(RHE)-induced  ACTH  release  by  dispersed  pituitary 
ceUs. 


Approximately  one-half  of  the  total  net 
ACTTH  release  occurred  within  5  min  after 
addition  of  the  RHE  as  previously  observed 
by  Takebe  et  al,  using  the  monolayer  culture 
technique  (6).  After  30  min,  85%  of  the 
total  net  ACTH  release  had  occurred  and 
this  duration  of  incubation  was  routinely 
employed.  It  was  determined  that  a  S-mio 
period  of  stabilization  of  the  system  before 
the  addition  of  the  test  substance  (preincu- 
bation period)  was  technically  convenient. 
The  stimulatory  effects  of  graded  volumes 
of  rat  plasma  and  serum  are  shown  in  Table 
I.  Both  serum  and  plasma  produced  dose- 
related  ACTH  release.  Although  rat  plasma 
had  approximately  twice  the  ACTH  releas- 
ing potency  of  serum  at  the  highest  tested 
dose  the  differences  were  not  statistically 
significant.  Since  the  plasma  was  prepared 
with  heparin  and  the  serum  was  not,  the 
possible  ACTH-releasing  effect  of  heparin 
was  assessed  by  testing  heparin  alone  and  by 
heparinizing  serum.   In   two   experiments 
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LE  I.  Effect  of  Rat  Plasma  and  Serum  on 
IN  Vmo  Pituitary  ACTH  Release. 


Net 

ACTH 

Number 

release" 

Amount 

of 

(ng/lO* 
cells/ao 

added 

replica- 

t substance 

(Ml) 

tions 

min) 

I 

100 

8 

4.7  ±  1.4 

10 

6 

1.1  ±  0.6 

1 

4 

0.5  ±  0.4 

100 

3 

1.9  ±  1.8 

10 

2 

1.5.0 

1 

2 

0,0 

I  (unstressed) 

100 

4 

5.3  ±  2.3 

I  (stressed) 

100 

4 

4.7  ±  1.7 

^an  ±  SEM. 

in  alone  had  no  ACTH-releasing  ac- 
(data  not  shown). 

four  experiments  the  effects  of  plasma 
ned  from  stressed  and  unstressed  rats 
compared.  As  indicated  in  Table  I 
produced  ACTH  release,  but  the  dif- 
ce  between  the  two  was  not  significant, 
e  ACTH-releasing  activity  of  plasma 
'urther  characterized  by  ultrafiltration 
(el  separation.  After  ultrafiltration  us- 
membrane  with  an  average  molecular 
It  retention  of  15,000,  93%  of  the 
H  releasing  activity  was  found  in  the 
tate  as  shown  in  Table  II.  Plasma  was 
^parated  by  using  G-75  Sephadex  and 
collected  fractions  tested  for  ACTH- 
sing  activity  (Fig.  3).  The  fractions  with 
H-releasing  activity  were  not  retarded 
e  Sephadex.  The  findings  of  these  stud- 
ggest  that  the  CRF  activity  of  plasma  is 
iated  with  a  molecular  weight  greater 
15,000. 

icussion.  These  studies  confirm  the 
nee  of  an  ACTH-releasing  substance 
:  plasma  and  suggest  it  is,  or  is  associ- 
with,  a  large  molecule.  Both  stressed 
instressed  rat  plasma  and  serum  caused 
H  release  from  dispersed  rat  pituitary 
supporting  the  observation  of  Takebe 
(6)  who  used  a  pituitary  monolayer  cell 
re  system.  The  present  studies  extend 
observations  by  showing  with  two  dif- 
t  separation  methods,  that  the  sub- 
e  in  plasma  behaves  like  a  molecule  of 
lecular  weight  of  greater  than  15,000. 
e  CRF  activity  of  rat  plasma  (and  se- 
ts like  hypothalamic  CRF  in  that  the 


pituitary  response  is  dose-related.  However, 
it  is  apparently  not  identical  to  hypotha- 
lamic CRF  because  the  dose-response 
curves  of  the  two  materials  were  found  to  be 
different  in  Takebe's  studies  (6)  and  be- 
cause the  CRF  activity  in  plasma  is  not  al- 
tered by  factors  ordinarily  expected  to  affect 
pituitary-adrenal  function,  such  as  stress.  Fi- 
nally, it  can  be  calculated  that  the  plasma 
compartment  contains  many  more  times  the 
CRF  activity  than  that  of  the  hypothalamus. 
In  the  present  studies  as  little  as  100  yA  of 
rat  plasma  had  approximately  the  same 
ACTH  releasing  activity  as  the  equivalent 
extract  of  0.5  rat  hypothalamus.  The  above 
data  would  suggest  a  nonhypothalamic 
source  of  plasma  CRF. 

It  is  also  possible  that  plasma  CRF  is  a 
purely  artif actual  phenomenon.  Both  the 
dispersed  pituitary  cell  technique  of  Sayers 
and  the  monolayer  culture  technique  em- 
ploy cells  that  are  exposed  directly  to  the 
stimulatory  agent.  Under  these  circum- 
stances the  cells  do  not  have  the  protection 
normally  afforded  by  the  selective  barrier  of 

TABLE  II.  The  Effect  of  Rat  Plasma 

Fractionated  by  Ultrafiltration  on  in  Vitro 

Pituitary  ACTH  Release. 


Net  ACTH  released- 

(ng/10»  ceUs/30  min) 

Frac- 

Volume 

Experiment 

Experi- 

tion 

added  (/il) 

1 

ment  2 

Dialysate 

100 

1.1 

1.2 

10 

0 

1.0 

1 

0 

0 

Retentate 

100 

13.2 

9.7 

10 

5.7 

3.2 

1 

1.0 

1.2 

-  Results  of  two  experiments. 


—  -<C«Htl«*l) 


-lO-li  -4     0     4~I^MI«M«4»MM7«MWib0 


Fig.  3.  Effect  of  G-75  Sephadex-fractionated  rat 
plasma  on  dispersed  pituitary  cells. 
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the  capillary  wall  and  associated  structures 
between  plasma  and  the  secretory  cell  and 
the  plasma.  Thus,  plasma  may  exert  a  non- 
physiological  effect  directly  on  the  cells. 
This  explanation  would  account  for  the  ap- 
parent discrepancy  between  the  relative  po- 
tei\cies  of  hypothalamic  CRF  and  plasma 
CRF.  Furthermore,  the  explanation  might 
account  for  the  apparently  previously 
inexplicable  phenomenon  of  Egdahl  (3)  in 
which  dogs  with  isolated  pituitaries  follow- 
ing complete  brain  removal  were  found  to 
elaborate  massive  amounts  of  ACTH.  It  is 
possible  that  the  brainectomized  dog  has 
increased  pituitary  capillary  permeability 
and  plasma  factors  not  ordinarily  reaching 
the  pituitary  cells,  such  as  plasma,  may 
come  into  direct  contact  with  cells  and  cause 
ACTH  release.  The  biochemical  nature  of 
plasma  CRF  and  its  physiological  and/or 
pathophysiological  role  awaits  further 
study. 

Summary,  The  ACTH-releasing  activity 
of  hypothalamic  extract  and  rat  plasma  was 
examined  with  the  dispersed  rat  pituitary 
cell  technique  of  Swallow  and  Sayers  (8). 
Although  both  plasma  and  serum  caused 
ACTH  release  which  was  dose-related, 
stress  did  not  enhance  the  ACTH  releasing 
activity.  Furthermore,  separation  studies  of 


plasma  using  ultrafiltration  and  gel  separa- 
tion suggest  that  the  CRF  activity  in  plasma 
is  associated  with  molecules  of  a  molecular 
weight  greater  than  15,000. 


The  hypothalamic  extract  used  in  this  study  was 
kindly  provided  by  the  National  Institute  of  Arthritis. 
Metabolism  and  Digestive  Diseases  (NIAMDD)  Rat 
Pituitary  Hormone  Distribution  Program. 
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cal 
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Ci 

degree  Celsius  (Centigrade) 
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intramuscular 

im 

intraperitoneal 

ip 

intravenous 

iv 

kilocalorie 

kcal 

kilogram 

kg 

liter 

spell  out 

meter 
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microliter 

Ml 

nucrometer 

/im 

milligram 

mg 

milliliter 

ml 

millimeter  mm 

milliosmole  mOsm 

minute  min 

molal  (concentration)  m 
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mole  spell  out 

molecular  weight  mol  wt 

nanogram  ng 
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osmole  Osm 
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parts  per  million  ppm 

percent  % 
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revolutions  per  minute  rpm 
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specific  activity  sp  act 

square  centimeter  cm* 

square  meter  m« 

subcutaneous  sc 

volt  V 

volume  vol 


